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ABSTRACT 

Context. A sample of mostly old metal-rich dwarf and turn-off stars with high eccentricity and low maximum height above the Galactic 
plane has been identified. From their kinematics, it was suggested that the inner disk is their most probable birthplace. Their chemical 
imprints may therefore reveal important information about the formation and evolution of the still poorly understood inner disk. 
Aims. To probe the formation history of these stellar populations, a detailed analysis of a sample of very metal-rich stars is carried 
out. We derive the metallicities, abundances of a elements, ages, and Galactic orbits. 

Methods. The analysis of 7 1 metal-rich stars is based on optical high-resolution echelle spectra obtained with the FEROS spectrograph 
at the ESO 1.52-m Telescope at La Silla, Chile. The metallicities and abundances of C, O, Mg, Si, Ca, and Ti were derived based on 
UTE detailed analysis, employing the MARCS model atmospheres. 

Results. We confirm the high metallicity of these stars reaching up to [Fe 1/H] = 0.58, and the sample of metal-rich dwarfs can be 
kinematically subclassified in samples of thick disk, thin disk, and intermediate stellar populations. All sample stars show solar a-Fe 
ratios, and most of them are old and still quite metal rich. The orbits suggest that the thin disk, thick disk and intermediate populations 
were formed at Galactocentric distances of ~ 8 kpc, ~ 6 kpc, and ~ 7 kpc, respectively. The mean maximum height of the thick disk 
subsample of Z„y^^ ~ 380 pc, is lower than for typical thick disk stars. A comparison of a-element abundances of the sample stars 
with bulge stars shows that the oxygen is compatible with a bulge or inner thick disk origin. Our results suggest that models of radial 
mixing and dynamical effects of the bar and bar/spiral arms might explain the presence of these old metal-rich dwarf stars in the solar 
neighbourhood. 

Key words, stars: abundances, atmospheres, late-type, - Galaxy: solar neighbourhood. 



1. Introduction 

The formation and properties of the thin and thick disks of our 
Galaxy have been the subject of several studies, and several 
scenarios have been pr oposed t o explain their form ation (e.g. 
ISchonrich & Biiinevl l2009a b: V illalobos etaDl2010l and refer- 
ences therein). In each scenario, typical signatures into the ve- 
locity and metallicity distribution of stars are imprinted. For this 
reason there have been numerous studies devoted to determi- 
nation of the thick disk velocity ellipsoid and metallicity dis- 
tribution, the study of the thin disk to the thick disk interface, 
abundance trends and correlations between a bundance and kine- 
matics, or the e xistence of gradients (e.g. Ilvezic et"ar lHooi 
iKatz et al.ll20Tlh . 

It is well-known that thick disk stars move on higher ec- 
centricity orbits and present larger velocity dispersions than thin 
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disk stars. The thick disk is a more slowly rotating stellar system 
than the thin disk, and as a whole it lags behind the local stan- 
dard of rest by ~ 50 k m s~', while the thin disk component lag s 
by only ~ 12 km s ' (ISoubiran et al.ll2003t iRobin et al.ll2003l) . 
Thick dis k stars al so appear to be significantly older than thin 
disk ones (iFuhrmana. 1998.) . 

On the other hand, the behaviour of the chemical abun- 
dance characteristics of these components still is a matter of 
debate. Some studies suggest that the thick d isk component 
is composed mainly of metal- poor stars (e.g. IChiba & Beer si 
120001: lReddv& Lambert 120081) . while metal-rich stars appear 
to be restricted to the thin disk, with a transition occurrin g 

at [Fe/H] 0.3 (iMishenina et al.l l2004t iReddv et al.l [20061) . 

Previous results show that thick disk stars exhibit a larger abun- 
dance of_a;elementerelative_JoJr^ the thin disk mem - 
bers (lFuhrmannlll998L iGratton et al."200rt [Ruchti et al.ll2010l) . 
iBensbv et all (l2003l) and iFeltzing et al.. (20031) found that thick 
disk stars extend to solar metallicities, showing an inflexion in 
[ff/Fe] vs. [Fe/H] around [Fe/H] — 0.5, reaching the solar ra- 
tios at [Fe/H] ~ 0.0. Also, a new popul ation has been identi- 
fied in several studies: iReddv et al.lfeOOel) and lHavwoodI (l2008l) 
identify a population having thick disk kinematics but thin disk 



1 



M. Trevisan et al.: Metal Rich Stars in the Solar Neighbourhood 



abund ance s (TKTA subsample in Red dy et al.). iMishenina et alJ 
(|2004 and lSoubiran&GirardI (l2005l) find metal-rich stars with 
kinematics of the thick disk. 

A detailed study of stars with these properties can clarify the 
origin of this population. Therefore, in this work we study a sam- 
ple of 71 metal-rich stars in terms of kinematics and abundances. 

The paper is organized as follows. In Sect.|2] a description of 
the sample is presented, and the observations and reductions are 
described in Sect. [3] The Galactic orbits are derived in Sect. |4] 
Derivations of stellar parameters effective temperatures, gravi- 
ties, and metallicities are given in Sect.|5] In Sect.|6] the element 
abundances are derived. In Sect. Q the present results are com- 
pared with other samples from the literature, and we briefly dis- 
cuss the possible origins of the identified stellar populations in 
the context of the Galaxy formation. Finally, results are summa- 
rized in Sect. [8] 



2. Sample selection 

iGrenonI d 19721 119891 1199(1 119981 l2000h selected 7824 high 
proper motion stars from the New Luyten's Two Tenths cat- 
alogue (NLTT) (a catalogue of nearby stars with proper mo- 
tions ju > 0.18+0.02 arcsec yr ') that have been included in the 
HIPPARCOS programme. Among these, radial velocities and 
Geneva photometry were gathered for 5443 stars. Only stars 
with para llaxes larger than 10 mas were kept for the study pre- 
sented in iRaboud et al.l (Il998h . Among these, space velocities 
were measured for 4143 stars, and metallicities from Geneva 
photometry were gathered for 2619 of them. From their kine- 
matics, |Raboud et al. ( 1998) found that the old disk stars in this 
sample appeared to show a positive mean U motion. In partic- 
ular, an imbalance between positive and negative U velocities 
was found for old disk stars selected in the parallax range 10 
to 40 mas (with U positive in the direction of the anti-centre), 
reaching up to 50 km s"'. After corrections for local motions, 
the U anomaly is +29+2 km s"' with respect to the Sun, and 
+ 19+9 km s ' with respect to the Galactic centre. Raboud et al. 
suggested that the metal-rich stars within this sample appear to 
wander from inside the bar, reaching the solar neighbourhood. 

A subsample of 202 of these stars was selected for this 
project by M. Grenon when gathering the oldest disk stars, with 
high metallicities and eccentricities, as well as thin disk very 
metal-rich stars. We were able to obtain high-resolution spectra 
for 100 of them using the FEROS spectrograph at the 1.5m ESO 
telescope at La Silla, during an lAG/ON and ON/ESO agreement 
in 1999-2002. 

The Geneva photometry was used by 'Grenon (T9T§) to de- 
rive the effective temperatures, absolute magnitudes, and metal- 
licities, with internal errors of 20-40 K on effective temperature 
Teff, 0.03 - 0.05 dex on metalHcity [M/H] and 0.15 on V magni- 
tudes. 

For the present analysis, we selected the 7 1 most metal-rich 
stars of the sample of 100 observed stars, indicated by Geneva 
photometry to have [Fe/H] > 0.00, hereafter called sample stars. 
A study of ff-elements vs. [Fe/H] in their full metallicity range, 
for 36 among the 100 obser ved such stars, coverin g -0.8 < [Fe/H] 
< +0.4, was presented by iPompeia et al.l (120031). There are 12 
stars in common between the present sample and lPompeia et alJ 
(l200l . where another 24 stars with metallicities below solar, 
were also analysed, with the aim of identifying the downturn 
knee of [o'/Fe] vs. [Fe/H], as discussed in Sect. [T] All the stars 
in the sample have parallaxes larger than 10 mas, with errors of 
6% in average. 



Table lA. ll shows the log of spectroscopic observations (avail- 
able electronically only). 

3. Observations and reductions 

Optical spectra were obtained using the Fiber Fed Ex tended 
Range Optical Specti'ograph (FEROS) dKaufer et al.l2000l) at the 
1.52 m telescope at ESO, La Silla. The total wavelength cov- 
erage is 3560-9200 A with a resolving power of {R=A/AA) = 
48,000. Two fibres, with entrance aperture of 2.7 arcsec, simul- 
taneously recorded star light and sky background. The detector 
is a back-illuminated CCD with 2948 x 4096 pixels of 15 //m 
size. 

Reductions were carried out through a pipeUne package for 
reductions (DRS) of FEROS data, in MIDAS environment. The 
pipeline performs the subtraction of bias and scattered light in 
the CCD, orders extraction, flatfielding and wavelength cali- 
bration with a ThAr calibration frame. The data reduction pro- 
ceeded in the IRAF environment as follows. The spectra were 
cut into parts of 500 A each using the SCOPY task, and the nor- 
malization was carried out with the CONTINUUM task. Spectra 
of rapidly rotating hot B stars at similar airmasses as the target 
were also observed, in order to correct for telluric lines using 
the TELLURIC task. The radial and heliocentric velocities, v, and 
VHeiio, were determined using the RVCORRECT task. The standard 
errors of the velocities are ~ 0.2 km s"'. Typical signal-to-noise 
ratios of the spectra were obtained considering average values 
at different wavelengths. The mean signal-to-noise ratio for the 
sample stars is ~ 100, as reported in Table lA. ll 

4. Kinematics 

Grenon (1999) found that the high metallicity stars in the sam- 
ple have low maximum height from the Galactic plane Z^ax, 
and their turn-off location indicated an age of ~ 10 Gyr. The 
identification of an old population with such a high metallicity 
and low Z^^x is unexpected. In order to investigate the kinemat- 
ical properties of the sample stars, we deriv e the Galactic orbits 



in Sect. lO 


using 


iBedin et alj 


20061). 



In Sect. 14.21 we separate the sample into thin 
disk and thick disk stars, based on kinematical criteria. We as- 
signed a probability of each star belonging to either the thin or 
the thick disk, assuming that the space velocities of each popula- 
tion fo llow a Gaussian distribution as defined bv lSoubiran et al.l 
(I2OO3I) . 



4.1. Galactic orbits 

iGrenonI (1 19991) derived U, V, W space velocities for all the sam- 
ple stars. U, V, W are defined in a right-handed Galactic system 
with U pointing outwards the Galactic centre, V in the direction 
of rotation and W towards the north Galactic pole. We used the 
GRINTON integrator to calculate the Galactic orbits, with these 
velocities and the HIPPARCOS parallaxes. This code integrates 
the orbits back in time for several Galactic revolutions and re- 
turns the minimum and maximum distances from the Galactic 
centre {Rmin, Rmux), maximum height from the Galactic plane 
(Zmax) and the eccentricity e of the orbit. Before using the ob- 
served space motions, these were transformed to the local stan- 
dard of rest. We used a solar motion of (-10.0, 5.3, 7.2) km s"' 
(Dehnen & Binnev 199^. The gra vitational potential used i n the 
orbit integration is a simple one (lAllen&SantillanllT99l . for 
which a circular rotation speed of 220 km s ' and a disk volume 
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Star 


Taa (K) 


V 




J 




Ks 


A(bu1 


BCv 


n (mas) 


d(pc) 


G 161-029 


4869 


10.33 


9.52 


± 


0.02 


8.90 


± 


0.02 




-0.41 












BD-02 180 


4917 


10.09 


8.44 


± 


0.02 


7.89 


± 


0.02 


5.59 


-0.29 


14.41 


± 


1.62 


69 ± 


8 


BD-05 5798 


4875 


10.38 


8.64 


± 


0.03 


8.07 


± 


0.04 


5.68 


-0.35 


13.48 


± 


1.94 


74 ± 


11 


BD-17 6035 


4830 


10.30 


8.53 


± 


0.03 


7.98 


± 


0.02 


5.71 


-0.35 


14.23 


± 


2.41 


70 ± 


12 


CD-32 0327 


5001 


10.41 


8.75 


± 


0.03 


8.16 


± 


0.03 


5.88 


-0.32 


14.41 


± 


1.77 


69 ± 


9 


CD-40 15036 


5341 


10.08 


8.69 


± 


0.02 


8.27 


± 


0.02 


5.08 


-0.16 


10.75 


± 


1.70 


93 ± 


15 


HD 8389 


5135 


7.85 


6.39 


± 


0.02 


5.92 


± 


0.02 


5.27 


-0.18 


33.09 


± 


0.99 


30 ± 


1 


HD 9174 


5459 


8.40 


7.13 


± 


0.02 


6.74 


± 


0.03 


4.03 


-0.10 


14.04 


± 


1.13 


71 ± 


6 


HD 9424 


5332 


9.17 


7.81 


± 


0.03 


7.38 


± 


0.02 


5.17 


-0.15 


16.94 


± 


0.99 


59 ± 


3 


HD 10576 


5883 


8.51 


7.41 


± 


0.03 


7.07 


± 


0.03 


3.77 


-0.08 


11.66 


± 


0.73 


86 ± 


5 


HD 11608 


4917 


9.31 


7.61 


± 


0.02 


7.07 


± 


0.03 


5.91 


-0.31 


24.12 


± 


1.34 


41 ± 


2 


HD 12789 


5706 


8.89 


7.74 


± 


0.02 


7.38 


± 


0.02 


4.00 


-0.08 


10.92 


± 


1.00 


92 ± 


8 


HD 13386 


5131 


8.91 


7.39 


± 


0.02 


6.97 


± 


0.02 


5.46 


-0.19 


22.27 


± 


1.09 


45 ± 


2 


HD I5I33 


5113 


9.36 


7.85 


± 


0.03 


7.38 


± 


0.02 


5.33 


-0.20 


17.18 


± 


1.38 


58 ± 


5 


HD 15555 


4793 


7.34 


5.60 


± 


0.02 


4.99 


± 


0.02 


3.42 


-0.37 


19.45 


± 


1.06 


51 ± 


3 


HD 16905 


4821 


9.44 


7.65 


± 


0.02 


7.09 


± 


0.02 


6.06 


-0.37 


24.94 


± 


0.93 


40 ± 


1 


HD 25061 


5247 


9.27 


7.84 


± 


0.02 


7.36 


± 


0.02 


5.35 


-0.18 


17.86 


± 


0.82 


56 ± 


3 


HD 26151 


5285 


8.49 


7.08 


± 


0.02 


6.65 


± 


0.03 


5.02 


-0.16 


21.79 


± 


1.12 


46 ± 


2 


HD 26794 


4932 


8.78 


7.07 


± 


0.02 


6.49 


± 


0.02 


5.83 


-0.34 


30.02 


± 


1.68 


33 ± 


2 


HD 27894 


4879 


9.36 


7.64 


± 


0.02 


7.07 


± 


0.03 


5.89 


-0.34 


23.60 


± 


0.91 


42 ± 


2 


HD 30295 


5350 


8.86 


7.49 


± 


0.02 


7.04 


± 


0.02 


4.88 


-0.15 


17.14 


± 


0.77 


58 ± 


3 


HD 31452 


5206 


8.43 


6.94 


± 


0.03 


6.47 


± 


0.02 


5.26 


-0.20 


25.50 


± 


1.27 


39 ± 


2 


HD 3 1 827 


5463 


8.26 


7.00 


± 


0.02 


6.61 


± 


0.02 


4.56 


-0.10 


19.05 


± 


0.69 


52 ± 


2 


HD 35854 


4943 


7.70 


6.01 


± 


0.03 


5.39 


± 


0.02 


6.08 


-0.35 


55.76 


± 


0.76 


18± 





HD 37986 


5455 


7.36 


6.06 


± 


0.02 


5.62 


± 


0.02 


5.02 


-0.13 


36.05 


± 


0.92 


28 ± 


1 


HD 39213 


5337 


8.96 


7.61 


± 


0.02 


7.20 


± 


0.02 


4.82 


-0.13 


15.75 


± 


0.91 


63 ± 


4 


HD 39715 


4781 


8.84 


6.99 


± 


0.03 


6.35 


± 


0.02 


6.28 


-0.44 


37.57 


± 


1.26 


27 ± 


1 


HD 43848 


5091 


8.65 


7.12 


± 


0.03 


6.61 


± 


0.02 


5.58 


-0.22 


26.99 


± 


0.83 


37 ± 


1 


HD 77338 


5283 


8.63 


7.22 


± 


0.02 


6.76 


± 


0.02 


5.39 


-0.16 


24.23 


± 


1.18 


41 ± 


2 


HD 81767 


4943 


9.45 


7.77 


± 


0.02 


7.21 


± 


0.02 


5.74 


-0.31 


20.89 


± 


1.49 


48 ± 


3 


HD 82943 


5849 


6.54 


5.51 


± 


0.02 


5.11 


± 


0.02 


4.28 


-0.07 


36.42 


± 


0.84 


27 ± 


1 


HD 86065 


4963 


9.36 


7.65 


± 


0.03 


7.09 


± 


0.02 


6.14 


-0.33 


26.42 


± 


1.25 


38 ± 


2 


HD 86249 


4935 


8.99 


7.32 


± 


0.02 


6.74 


± 


0.02 


6.02 


-0.32 


29.57 


± 


1.16 


34 ± 


1 


HD 87007 


5302 


8.82 


7.35 


± 


0.02 


6.89 


± 


0.04 


5.46 


-0.19 


23.23 


± 


1.41 


43 ± 


3 


HD 90054 


5986 


7.87 


6.85 


± 


0.02 


6.52 


± 


0.02 


3.63 


-0.05 


14.52 


± 


0.97 


69 ± 


5 


HD 91585 


5077 


9.43 


7.90 


± 


0.03 


7.37 


± 


0.03 


5.66 


-0.24 


19.67 


± 


1.33 


51 ± 


3 


HD 91669 


5175 


9.70 


8.26 


± 


0.02 


7.77 


± 


0.02 


4.95 


-0.18 


12.19 


± 


1.52 


82 ± 


10 


HD 93800 


5129 


9.12 


7.58 


± 


0.02 


7.10 


± 


0.02 


5.32 


-0.22 


19.18 


± 


1.42 


52 ± 


4 


HD 94374 


4825 


9.27 


7.42 


± 


0.02 


6.79 


± 


0.02 


6.13 


-0.43 


28.70 


± 


1.29 


35 ± 


2 


HD 95338 


5144 


8.62 


7.10 


± 


0.02 


6.59 


± 


0.02 


5.56 


-0.23 


27.14 


± 


0.91 


37 ± 


1 


HD 104212 


5694 


8.38 


7.24 


± 


0.02 


6.88 


± 


0.03 


3.62 


-0.08 


11.59 


± 


1.09 


86 ± 


8 


HD 107509 


5944 


7.91 


6.90 


± 


0.02 


6.58 


± 


0.03 


3.68 


-0.06 


14.65 


± 


0.82 


68 ± 


4 


HD 120329 


5511 


8.34 


7.09 


± 


0.02 


6.69 


± 


0.02 


4.00 


-0.11 


14.24 


± 


1.05 


70 ± 


5 


HD 143102 


5432 


7.88 


6.59 


± 


0.02 


6.17 


± 


0.02 


3.51 


-0.12 


14.13 


± 


0.99 


71 ± 


5 


HD 148530 


5346 


8.81 


7.42 


± 


0.03 


6.97 


± 


0.02 


5.31 


-0.17 


21.50 


± 


1.27 


47 ± 


3 


HD 149256 


5271 


8.42 


7.04 


± 


0.02 


6.60 


± 


0.02 


3.89 


-0.15 


13.32 


± 


1.21 


75 ± 


7 


HD 149606 


4936 


8.95 


7.25 


± 


0.02 


6.72 


± 


0.02 


6.09 


-0.31 


30.89 


± 


1.37 


32 ± 


1 


HD 149933 


5424 


8.05 


6.72 


± 


0.02 


6.29 


± 


0.03 


5.03 


-0.14 


26.56 


± 


1.22 


38 ± 


2 


HD 165920 


5261 


7.91 


6.50 


± 


0.03 


6.03 


± 


0.02 


5.22 


-0.17 


31.27 


± 


1.12 


32 ± 


1 


HD 168714 


5552 


8.90 


7.67 


± 


0.02 


7.31 


± 


0.02 


4.33 


-0.09 


12.67 


± 


1.51 


79 ± 


9 


HD 171999 


5257 


8.34 


6.89 


± 


0.02 


6.43 


± 


0.02 


5.31 


-0.18 


26.97 


± 


1.12 


37 ± 


2 


HD 177374 


501 1 


9.40 


7.75 


± 


0.03 


7.24 


± 


0.02 


5.44 


-0.28 


18.35 


± 


1.65 


54 ± 


5 


HD 179764 


5374 


9.01 


7.58 


± 


0.02 


7.11 


± 


0.02 


4.84 


-0.19 


15.98 


± 


1.30 


63 ± 


5 


HD 180865 


5132 


8.97 


7.45 


± 


0.02 


6.98 


± 


0.02 


5.54 


-0.21 


22.66 


± 


1.32 


44 ± 


3 


HD 181234 


5220 


8.59 


7.15 


± 


0.03 


6.69 


± 


0.02 


4.97 


-0.17 


20.49 


± 


1.19 


49 ± 


3 


HD 181433 


4866 


8.40 


6.66 


± 


0.02 


6.09 


± 


0.02 


5.97 


-0.35 


38.24 


± 


1.15 


26 ± 


1 


HD 182572 


5461 


5.17 


3.55 


± 


0.21 


3.04 


± 


0.32 


4.01 


-0.26 


66.01 


± 


0.77 


15 ± 


1 


HD 196397 


5267 


8.95 


7.59 


± 


0.02 


7.13 


± 


0.03 


5.20 


-0.15 


19.01 


± 


1.65 


53 ± 


5 


HD 196794 


5075 


8.52 


6.94 


± 


0.03 


6.41 


± 


0.02 


5.99 


-0.26 


35.22 


± 


1.14 


28 ± 


1 


HD 197921 


4866 


9.25 


7.49 


± 


0.02 


6.90 


± 


0.02 


5.82 


-0.37 


24.45 


± 


1.58 


41 ± 


3 


HD 201237 


4886 


10.10 


8.31 


± 


0.02 


7.71 


± 


0.02 


4.97 


-0.39 


11.23 


± 


2.09 


89 ± 


17 


Hn 900791 


5388 


9 51 


8 18 




02 


7.77 


± 


0.02 


4 59 


-0 13 


11.00 


± 


1.26 


91 ± 


10 


HD 211706 


5830 


8.90 


7.84 


± 


0.02 


7.52 


± 


0.02 


4.19 


-0.07 


11.78 


± 


1.40 


85 ± 


10 


HD 213996 


5203 


8.66 


7.21 


± 


0.03 


6.76 


± 


0.03 


5.30 


-0.18 


23.10 


± 


1.14 


43 ± 


2 


HD 214463 


4958 


9.67 


8.10 


± 


0.02 


7.59 


± 


0.02 


5.29 


-0.24 


14.90 


± 


1.77 


67 ± 


8 


HD 218566 


4834 


8.59 


6.82 


± 


0.02 


6.22 


± 


0.02 


5.83 


-0.38 


33.40 


± 


1.19 


30 ± 


1 


HD 218750 


5122 


9.25 


7.71 


± 


0.02 


7.18 


± 


0.03 


5.34 


-0.24 


18.45 


± 


1.50 


54 ± 


4 


HD 221313 


5075 


9.90 


8.38 


± 


0.02 


7.85 


± 


0.02 


5.16 


-0.23 


12.52 


± 


1.79 


80 ± 


11 


HD 221974 


5109 


9.31 


7.80 


± 


0.02 


7.32 


± 


0.02 


5.68 


-0.20 


20.61 


± 


1.53 


49 ± 


4 


HD 224230 


4900 


9.97 


8.24 


± 


0.03 


7.63 


± 


0.03 


6.16 


-0.36 


20.43 


± 


1.22 


49 ± 


3 


HD 224383 


5689 


7.89 


6.74 


± 


0.03 


6.33 


± 


0.02 


4.40 


-0.10 


20.98 


± 


1.24 


48 ± 


3 



density of 0.1 SMq pc ^ are adopted and a solar Galactocentric 
distance kpc is assumed. 

Uncertainties in the orbital parameters were obtained using 
the bootstrapping technique, as follows. We integrated the orbit 
of each star 500 times. At each integration, the input parame- 
ters, U, V, W velocities and the parallax ji, were varied follow- 
ing a normal distribution with mean X and standard deviation 



of (Tx, where X is the parameter value and ctx the error associ- 
ated with it. The final orbital parameters Rmia, Rmax, Z,nax, and 
eccentricity, and their errors were then computed as the mean 
and standard deviation of the output values of these 500 realiza- 
tions. Uncertainties in Rmin, Rmax, and Z^ax are typically » 0.30 
kpc, 0.60 kpc, and 0.05 kpc, respectively. The derived orbital pa- 
rameters are listed in Table [T2l Our sample contains 17 stars in 
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comm on with the Geneva-Copenhagen survey (iHolmberg et alJ 
I2009h . hereafter referred to as GCS, as listed in Table|2] We com- 
pared the orbital parameters derived here with the values from 
the GCS survey. We found that our /?niin distances are ~ 6% 
lower and R^ax are ~ 5% higher on average. For the orbit ec- 
centricities, we derived values which are ~ 16% higher than ec- 
centricities from GCS. The maximum height from the Galactic 
plane from GCS are ~ 80 pc lower (~ 30%) than our sample, on 
average. 

It is important to stress that the gravitational potential used in 
the orbit integration does not take the Galactic bar into account. 
The bar potential could affect the orbits of our stars, since Rmin 
are as close as 3-4 kpc from the Galactic centre. 

4.2. Thin and thick disk membership probabilities 

Identifying stellar populations in velocity space is not straight- 
forward. Thus, before discussing whether the sample stars be- 
long to the thin or thick disk, we must analyse the criteria used 
to define the membership probabilities. 

The separation between thin and thick disks can be done ei- 
ther by selecting stars based on their kinematics, using chemical 
composition criteria, or a combination of both. Usually, sepa- 
ration based only on kinematics or abundances are not equiva- 
lent: thick (thin) disk samples selected on kinematical criteria 
can contain stars with thin (thick) chem ical abundances (e.g. 
iMishenina et al.ll2004 iReddv et alj|2006h . Some authors argue 
that, since the chemical composition of a star does not change 
with time, while kinematics may change, the selection based on 
abundances is more reliable. On the other hand, if we want to 
trace the formation of the disk components through the study of 
the chemical abundances of their stars, the abundances must not 
be used to define these components. Therefore, here we assign 
the probability of each star belonging to either the thin disk or 
the thick disk by adopting the k i nema ti cal approach used in pre - 



Bensbv et all (|2004|) . IMishenina etall (|2004 . 
2006ir The procedure relies on the assumption 



vio us studies by 
and lReddv et al.l 
that the space velocities of each population follow a Gaussian 
distribution, with given mean values and dispersions cru, cry, 
cr\N. The equations determining the probabiUties are 



Pi P2 pi 

Ahin - fl , Pthick = fl , Phalo - fi 

P P P 



(1) 



where ptMn, PtMck, Phaio correspond to the probabiUty that the star 
belongs to either the thin disk, thick disk or halo, respectively. 
Then, p and are given by 



P^ fPl +f2P2+f3P3 

and 



1 



Pi 



{Ijif'l-cru. crv.crw, 



exp 



"2< 



(V-Vlag)' 

2ct\ 



2<, 



■ (2) 



The parameters f are the relative densities of thin disk, thick 
disk, and halo stars in the solar neighbourhood. Since there is 
an overlap of the Gaussian distributions in velocity space, the 
definition of the thin and thick disk populations is very sen- 
sitive to the choice of parameters defining the Gaussian dis- 
tributions and the population fractions. There are several stud- 
ies devoted to determining of the velocity ellipsoids of the thin 



disk, thick disk, and halo components, as well as the population 
fractions in the solar neighbourhood. Here we compared stud- 
ies by Soubiran et al. (2003) and Robin et al. (2003). We deter- 
mined the probabilities using the values given in Table [3] where 
the velocity ellipsoids for the thin and thic k disks were taken 
from lSoubiran et al.l (l2003h . and values from lRobin et al.1 (l2003h 
were used for the halo component. We also applied the same 
procedure to the thin di sk, thick disk, and halo velocity disper- 
sions and fractions from lRobin et al.l ( l2003h : (cry, cry, crw)thin = 
(43, 28, 18) km s^' and (cru, cry, crw)thick = (67, 5 1,42) km s^', 
/thin = 0.93 and /,Mck = 0.07. 

As a t est, we applied the procedure, using ISoubiran et al.l 
( l2003h and lRobin et al. C2003i) , to the GCS stars, and the results 
are shown in Fig. [Tj The decomposition of a lar ger sample into 
thin/th ick disk makes the di fferences between ISoubiran et al.l 
(l2003h and lRobin et~an ( |2003|) clearer. We considered that, if the 
probability of a star belonging to either the thin or thick disk 
is higher than 80%, then the star can be assigned to that com- 
ponent. If both pthin and ptMck are lower than 80%, the star is 
classified as member of the intermediate population. Using ve- 
locity ellipsoids defined bylSoubiran et al. (2003), we found that 
81% of the GCS stars belong to the thin disk, 5% are thick disk 
stars, and 14% cannot be assigned to either of the components. 
The thin di s k star s are restricted to V > -50 km s Using 
iRobin et alj ( |2003|) . the following fractions were found: 92%, 
2%, and 6% are thin, thick, and intermediate stars, respectively, 
and the thin disk stars can rotate as slowly as V 80 km s"' . 

We the n classified our 71 sam ple stars using velocity ellip- 
soids from lSoubiran et aT] (l2003l) . and we found that 42 stars in 
the sample can be assigned to the thick disk, and 1 1 are more 
likely to be thin disk stars. The other 17 stars in the sample 
are intermediate be tween thin and thick disk components. Using 
iRobin et alj (l2003h . we found that 16 stars in the sample belong 
to the thick disk, and 29 are more likely to be thin disk stars. The 
other 26 stars in the sample are not clearly members of either the 
thin or the thick disk components. 

The same procedure (i.e., equations [Tj and O was applied t o 
the groups and stellar streams identified bv lFamaev et al.l (l2005h . 
They applied a maximum-likelihood method to the kinemati- 
cal data of 6691 K and M giants in the solar neighbourhood. 
They identified six kinematical groups: /) group Y, containing 
stars with "young" kinematics; //) group HV, composed of high- 
velocity stars, which are probably mostly halo or thick disk stars; 
///) group HyPl, the Hyades-Pleiades supercluster; iv) group Si, 
the Sirius moving group; v) group He, the Hercules stream; and 
vi) group B, which is composed of a "smooth" background in the 
UV plane, that are mostly thin disk stars. We obtained the prob- 
abilities of our sample stars belonging to these groups following 
the same procedure as above, assuming that the space velocities 
of each group follow a Gaussian distribution, with mean values, 
dispersions, and population fractions taken from Famaey et al. 

As expected, neither of the sample stars belong to groups 
Y, HyPl, and Si, with probabilities below 1%. Only two stars 
have py > 1%: HD 35854 has py = 6% and HD 82943 has 
Py - 17%, respectively. Despite 1 1 stars in the sample having a 
probability of belonging to the Hercules stream larger than 50%, 
neither of them satisfied our criteria pue > 80% to be assigned 
to this group. Six stars in our sample appear to belong to the B 
group (pb > 80%), and 37 have kinematics compatible with the 
HV group (phy > 80%). The other 28 stars in the sample cannot 
be assigned clearly to either of these groups. 

The right-hand panel in Fig. [T] presents the high velocity 
group, the B group and Hercules Stream stars, as classified by 
iFamaev et alJ (l20()5h . and our sample star data overplotted in the 
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Table 2: Sample stars in common with the Geneva-Copenhagen survey jHolmberg et al.ll2009t) . 



Star 






^max 




e 


Ae 


^mux 






(kpc) 


(kpc) 


(kpc) 


(kpc) 






(kpc) 


(kpc) 


HD 9424 


3.44 


-0.35 


8.28 


0.47 


0.41 


0.07 


0.08 


0.03 


HD 13386 


4.74 


-0.41 


8.02 


0.55 


0.26 


0.07 


0.10 


0.15 


HD 25061 


4.94 


-0.23 


9.20 


0.44 


0.30 


0.04 


0.04 


0.15 


HD 26151 


6.39 


-0.19 


9.27 


0.41 


0.18 


0.04 


0.07 


0.00 


HD 35854 


6.54 


-0.36 


8.02 


0.53 


0.10 


0.06 


0.17 


-0.13 


HD 82943 


6.96 


-0.25 


8.23 


0.41 


0.08 


0.05 


0.03 


0.16 


HD 86249 


8.00 


0.51 


8.78 


0.21 


0.05 


-0.02 


0.24 


0.19 


HD 90054° 


3.39 


-0.33 


8.02 


0.50 


0.41 


0.06 


0.18 


0.13 


HD 95338 


2.98 


-0.30 


8.02 


0.53 


0.46 


0.06 


0.74 


0.14 


1 1 1 r\A o 1 o 
HU 11)4212 


Q O 1 

J.ol 


-U.oJ 


n no 


U.JC) 




nil 
U. 11 


U.24 


U.Jo 


ViVi 1 07^00 
1 1 1 J L\j / jyjy 


J.H-J 




o.U J 


KJ.JJ 


n Ad 


U.Uo 




n 1 Q 

V.ly 


HD 148530 


3.76 


-0.20 


9.12 


0.59 


0.42 


0.04 


0.51 


0.17 


HD 171999* 


3.94 


-0.45 


7.97 


0.52 


0.34 


0.08 


0.06 


0.16 


HD 180865 


4.41 


-0.30 


8.02 


0.50 


0.29 


0.06 


0.11 


0.15 


HD 181433 


6.72 


0.07 


10.06 


0.41 


0.20 


0.01 


0.27 


-0.24 


HD 218750 


4.52 


-0.54 


8.16 


0.53 


0.29 


0.08 


0.30 


-0.22 


HD 224383 


3.84 


-0.38 


8.59 


0.44 


0.38 


0.07 


0.09 


0.02 


Average 




-0.28 ± 0.26 




0.48 ± 0.09 




0.06 ± 0.03 




0.08 ±0.16 



Notes. A = Our - GCS. Binary. Spectroscopic binary. 

Table 3: Velocity ellipsoids for the thin disk, thick disk, and halo. 



Component 


o-u 


CTv 


CTw 




Fraction 


Thin disk" 


39 


20 


20 


-7 


0.85 


Thick disk" 


63 


39 


39 


-46 


0.15 


Halo* 


131 


106 


85 


-220 


0.006 



Notes . '"' ISoubiran e"taD(l2003h . '*' lRobin et an ( l2003l) . '"' iFamaev et alj 
( I2OO5I) . 



5. Stellar parameters 

A common method for deriving of stellar parameters relies on 
the abundances derived from Fe I and Fe II lines, by requiring ex- 
citation and ionization equilibria. In this work it was not assumed 
a priori that the absolute equilibria are reached, since this proce- 
dure could hide non-LTE effects, leading to misleading param- 
eters. This choice is justified by previous work, which suggests 
that deviations from LTE are pre s ent in metal-rich dwarf star s 
(e.g. iFeltzing & Gustafs son" 19981: iMelendez & Ram frez"2005h. 
Therefore, the stellar temperatures and surface gravities were 
obtained without recourse to the Fe I and Fe II lines as follows. 



Toomre diagram. In Table |5] the kinemat ics of our sample ar e 
compared with the data for 6030 stars from lFamaev et al.](l2005l) . 
where all the samples analysed show low maximum height above 
the plane. It appears that our sample is compatible with the high- 
velocity group (HV), and might be identified with that subpop- 
ulation. This group is probably composed of halo or thick-disk 
stars, and represents about 10% of the whole sample analysed 
by [Famaey et al. (2005i). Most stars assigned to the thick disk 
component, following the lSoubiran et al.r(l2003l) velocity distri- 
butions, are also members of the HV group. 

The probabilities assumed fo r classifying the preseri t 7 1 sam- 
ple stars are those obtained with ISoubiran et al. (l2003h ve locity 
ellipsoids, and not those suggested bv iRobin et al.l ( l2003h (that 
give a low fraction of thick disk stars /thick - 0.07). A higher 
fraction of nearby thi ck disk stars is s upported by recent stud- 
ies of the SDSS data (lJuric et al. 2008h. Moreove r, membership 
probabilities obtained with Soubiran et al.l (l2003h criteria are in 
better agreement with the more detailed analysis of the veloc- 
ity space by Famaev et al. (2005). The final probabilities pthin 
and pthick are reported in Table [12] In Table H] we report the 
mean ages (Sect. 5.5), metallicities (Sect. 5.3), [a/Fe] (Sect. 6), 
space velocities, eccentricities, and maximum height above the 
Galactic plane for each of the populations: thin disk, thick disk, 
and intermediate. The stars with intermediate properties are so 
classified for having intermediate eccentricity, V velocity, Z^^^, 
and Rn, relative to the thick and thin disks. 



;) The effective te mperatures were calculate d from the (V-Kj) 
colour using the ICas agrande et al] ( |20 1 Ol hereafter CRM 10) 
colour-temperature relations, as described in Sect. 15.11 
ii) Then, \ogg is derived from masses and parallaxes. Using 
the HIPPARCOS parallaxes and t he stellar masses from 
the Yonsei-Yale evolutionary tracks (iDemarque et al.ll2004l) . 
hereafter Y^, the surface gravities were derived following the 
procedure presented in Sect. 15.21 
Hi) We used the metallicities from Geneva photometry as first 

guesses in steps / and //. 
iv) Then, fixing Teff and \ogg, the iron abundance and micro- 
turbulence velocity were derived from Fel and Fell lines, 
through local thermodynamic equilibriu m (LTE) analysis, 
using the MARCS model atmospheres dGustafsson et al.l 



120081) . The microturbulence velocity was obtained by impos- 
ing constant iron abundance as a function of equivalent width 
(except for the cooler stars). The iron abundance and micro- 
turbulence velocity determinations are described in detail in 
Sect.El] 

v) The Geneva metallicity was then replaced by the new iron 
abundance, to go through the whole iteration process 

vi) the procedure was repeated until there were no significant 
changes in (reff, \ogg, [Fe/H]). 

The changes on temperatures and gravities due to changes 
on metallicities are small, but not zero. Therefore, the procedure 
includes iteration to keep internal consistency. The final photo- 
metric parameters were tested against excitation and ionization 
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Table 4: Mean data for the thin, thick, and intermediate populations. 



Group 


Age 


[Fe/H] 


[am 


K 


'-'lsr 


*LSR 


"LSR 




e 


7 




(Gyr) 


(dex) 


(dex) 


(kpc) 


(kms"') 


(km s" 


-') 


(km s-') 






(kpc) 


Thin disk 


7.8 ±3.5 


0.20 ± 0.22 


-0.01 ± 0.05 


8.2 ±0.6 


-10±51 


-19± 


16 


-11 ± 15 


0.20 


±0.08 


0.21 ±0.16 


Thick disk 


7.5 ±3.1 


0.22 ±0.17 


0.00 ± 0.04 


6.3 ± 0.4 


36 ±43 


-84 ± 


17 


-21 ± 23 


0.40 


±0.07 


0.38 ± 0.40 


Intermediate 


6.8 ±2.9 


0.29 ±0.17 


-0.02 ± 0.03 


7.3 ±0.5 


37 ±61 


-48 ± 


13 


-20 ± 14 


0.29 


±0.05 


0.28 ± 0.22 



Notes. Mean Galactocentric distance, R,^, = (Rmax + Rmm)/2. *** Space velocities with respect to the local standard of rest. 




Fig. 1 : Toorrtre diagram of GCS stars. Left and middle panels: The thin /thick disk dec omposition of GCS stars was performed using 
the velocity dispersions and star fractions from lSoubiran et aTl ( l2003h {left) and from lRobin et alj ( l2003h {middle). The thin, thick, 
and intermediate stars of the GCS are represented by green dots, red stars, and open blue circles, respectively. The dashed lines 
indicate the total space velocity, V totai = Vt/^ + + W^, in steps of 50 km s"'. Right panel: Toomre diagram showing the groups 
identified bv lFamaev et alJ (l2005h : the Hercules stream (red open triangles), high-velocity stars (blue open diamonds), and B-group 
stars (green open circles). In all panels the present sample is indicated by black dots. 

Table 5: Mean kinematical data for our sample, compared with kinematic groups studied bv lFamaev et al.l (l2005h . 



Kinematic group 


<U(km s-')> 


<V(kms-')> 


<W(km s-')> 


<Z,nax(PC)> 


present sample 


17.6 (55.0) 


-60.1 (29.7) 


-10.6 (21.0) 


330.0 


HV Stars 


18.5 (62.6) 


-53.3 (37.2) 


-6.6 (45.9) 


208.1 


B Group 


2.9 (31.8) 


-15.2(17.6) 


-8.2(16.3) 


196.1 


Hercules Stream 


42.1 (25.3) 


-51.6(7.1) 


-8.1 (15.4) 


132.9 



Notes. " HV refers to high-velocity stars. Standard deviations are presented in parenthesis. 



equilibria, and Teff and log g were further adjusted if necessary, 
as shown in Sect. 15.41 Only two stars in the sample required ad- 
justments to be in satisfactory spectroscopic equilibrium. 

We estimated ages for the sample stars, using the 
isochrones. Details about the determination of stellar masses and 
ages are given in Sect. 15.51 Final considerations about the pa- 
rameter determinations and comparison with other studies are 
presented in Sect. 15 .61 

5.1. Temperatures 

The basic photometric data used in temperature determina- 
tions are presented in Table [1] pho tometric tem peratures from 
Geneva photometry; V magnitudes (ESA''l997); J and Ks mag- 
nitudes from 2MASS (Skru tskie e t al. 2 Q06); Bolometric cor- 
rection BCv from Alons o et al.f 719951) (see Sect. |l2li; and 
HIPPARCOS parallaxes ji (lESAll997h . Errors of about 0.02 mag 



apply to V magnitudes; the errors on the other magnitudes are 
reported in Table [T] The sample stars are all within 90 pc of the 
Sun and since interstellar red dening is usually zero for stars ly- 
ing within 100 pc of the Sun dSchuster & Nisseiill 19891) . no red- 
dening corrections were ap plied. We checked this assumption 
using the extinction law bv lChen et al.l (Il998h . and we verified 
that the maximum reddening correction would be 0. 1 mag for 
HD 104212. This level of extinction would raise the temperature 
by 130 K. Even so, excitation equilibrium was reached for this 
star (see Sect. 15.41 ). Thus, we adopted Ay = for all the sample 
stars. 

We derived temperatures from CRMlO's colour-temperature 
calibrations. The results were compared with those determined 
with the widely adopted relations from Alonso et al. (1996, here- 
after AAM96) and with temperatures from Geneva photometry, 
which are also available for all the sample stars. 
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4800 5000 5200 5400 5600 5800 6000 



TcMRIO (K) 

Fig. 2; Photometric temperatures. The temperatures from 
CRM 10 calibrations are compared with those from AAM96 re- 
lations (open triangles) and from Geneva photometry (filled cir- 
cles). CRMIO temperatures are about 2% (~ 90 K) hotter than 
AAM96 ones. 



5.2. Surface gravities 

The trigonometric surface gravities, \ogg, were derived from 
HIPPARCOS parallaxes, n, through the standard formula 

log j = 4 log j + 0.4(Mbo1,* - MboIo) + log j j(4) 

where Teff,* and M* are the stellar temperature and mass, re- 
spectively, and the bolometric magnitude, AIboI,*, is given by 

MboI,* = V - Av + BCv + 5 log TT + 5. 

The following values were adopted for the Sun: Teff,© - 5777 K, 
MboI.o = 4.75 (Barbuy 2007) a nd log^^p = 4 44. W e used 
bolometric corrections BCy from lAlonso et al.l (Il995h . where 
(V-K)a = 1.486, BCv,0 = -0.08 were adopted. 

Errors in gravities were calculated using the error propaga- 
tion equation, derived from equation H) 



CRMIO provide colour- temperature relations for Johnson 
V and 2MASS J and Ks magnitudes, so no magnitude system 
transformations are needed. To determine the photometric r(j_K) 
and ^(v-K) temperatures from the colour-temperature calibra- 
tions described in AAM96, the following photometric system 
transformations were used. The J, Ks magnitudes and colours 
were transformed from the 2MASS system to CIT (California 
Institute of Technology) system, and from the latter to TCS 
(Telesco pio Carlos Sanche z) s ystem, with the rela tions estab- 
hshed bv lCarpente3(l200lh and lAlonso et al.l (11994 . The trans- 
formations betwe en the Johnson and T CS systems used the rela- 
tions presented in lAlonso et al. l (fT99l . 

Figure |2]presents the comparison between photometric tem- 
peratures. AAM96 relations give temperatures about 2% (~ 
90 K) lower than CMRIO ones, in agreement with differences 
found by CRMIO between these two calibrations. As discussed 
in CRMIO, the main source of differences between photomet- 
ric Teff scales is the absolute calibration of the photometric 
systems, which is essential when setting the zero point of the 
scale. The estimated zero point of the CRMIO scale is defined 
by a sample of solar twins, resulting in zero-point uncertain- 
ties of ~ 15 K. For A AM96 calibrations, this uncertainty is 
~ 100 K (ICasagrande et al...20 06. 2010i). Moreover, AAM96 cal- 
ibrations require photometric system transformations, which can 
introduce unnecessary errors. Therefore, the CRMIO calibra- 
tions were chosen for the effective temperature, and the (V - Ks) 
colour calibration was preferred over the other colours, owing 
the extended base line, a confirmed lower cr(reff) ~ 25 K, and 
smaller dependence with [Fe/H] . 

The internal errors in temperatures were computed consider- 
ing the uncertainties in magnitudes and metallicities; 



5040 



86 



5[Fe/H] 



C [Fe/H] 



30 



<9(V - K) 



O" (V-K) 



1/2 



(3) 



where cr(v-K) is the quadratic sum of errors in V and Ks magni- 
tudes, and (= 5040/reff) is a function of (V - K) and [Fe/H], 
as given in CRMIO. Uncertainties in the zero point of the scale 
(15 K) and the calibration deviations (25 K, as given in Table 4 
of CRMIO) were added quadratically to the internal error The 
final temperatures and errors are presented in Table [T3] 



'M 



Mo 
M 



I eff 



+ 0-1 



+2 ctm.t-^^ 



k- 



[Tlj 

Mr 



M 



(5) 



where k = loge = 0.4343, and errors in BCy and magni- 
tudes were considered to be small. The variables o-^, crj^g, and 
<j„ are errors in masses, temperatures, and parallaxes, respec- 
tively. Since we used the temperatures to get the masses from 
isochrones, the co variance between Tetf and mass, 0-^ 7-1^^, does 
not vanish. For each star, we took all the possible solutions [M,-, 
Tts.i] within the error bars from the evolutionary tracks. Given 
that M, Teff are the respective mean values, the covariance can 
be obtained through 



(TMJ,, = ((M; - M) ■ (reff,/ - Teff)) . 



(6) 



Table |6] presents the variations in log g with temperature, 
masses, E(B-V), and [Fe/H]. A temperature change of -2% 
(~ 100 K), which corresponds to the difference between CRMIO 
and AAM96 calibrations, would lead to lower stellar masses by 
4% in average. The overall change in gravities is -0.05 dex on 
average. Despite the uncertainties involved in the determination 
of stellar masses, the effect on gravity is not significant: a 5% 
change in the masses would change gravities by only 0.02 dex. 
As described in Sect. 15.51 the masses estimated in this work have 
internal errors of about 3% and accuracy of 4%, resulting in a 
total uncertainty of about 5%. Effects of reddening corrections 
and changes in [Fe/H] are not significant (0.01 and < 0.005 dex, 
respectively). 

We checked the consistency between trigonometric gravities 
and evolutionary gravities. For this comparison , we used both 
Y and Padova isochrones (IGirardi et al.ll2000j)^ Padova gravi - 
ties were obtained using the tool PARA]vQ(da Silva et al.l2006l) . 
The Y^ gravities are the mean values of all the solutions within 
Teff ± (Tt^^ and Alabs ± o-Mj^^ 1 where ctj^^^ and cr m.^^^ are the er- 
rors in temperatures and absolute magnitudes. The agreement 
between both evolutionary (F^, Padova) gravities and trigono- 
metric gravities is excellent, as shown in Fig. [3] A large differ- 
ence of ~ 0.4 dex between HIPPARCOS and isochrones gravi- 
ties was found for HD 201237. The photometry and/or Galactic 



' |http : // stev . oapd . inaf . it/ cgi-bin/param| 
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Table 6: Gravity variations with stellar parameters 



ATeff 


AMass 


AE(B - V) 


A[Fe/H] 


(-2 %) 


(-5 %) 


(+0.05 mag) 


(-0.30 dex) 


Alog^(dex) -0.05 


-0.02 


0.01 


< 0.01 
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Fig. 3: Comparison between trigonometric gravities from 
HIPPARCOS parallaxes and isochrone gravities. The open trian- 
gles represent the gravities obtained from evolutionary tracks, 
and gravities from Padova isochrones are indicated by open cir- 
cles. Solid and dashed lines show the very good agreement, with 
variations within +0.05 dex. 



extinction should not be the source of this discrepancy. This star 
has good quality photometry from the 2MASS catalogue; i.e., 
the photometric quality flags are set to A, and the errors on the 
magnitudes are ~ 0.02 mag. The reddening correct ion for this 
star is only E(B-V) ~ 0.04 mag, following the law bv lChen et al.l 
(119981) . and this level of correction should not aff'ect the stellar 
parameter determinations significantly. On the other hand, the 
HIPPARCOS parallax has a large error (~ 19%), which leads 
to an uncertainty of ~ 0.16 dex on gravity. Therefore, the paral- 
lax error is the most probable source of the discrepancy between 
HIPPAR COS and isochrones gravities. The stellar parameters 
found bv lPompeia et al.l (l2002h for this star, (T^eff, log g, [Fe/H]) 
= (4950 K, 4. 10, -0.05), are in good agreement with those found 
in this work, (4829 K, 4.14, 0.00). 

The final Teff and \ogg parameters are presented in Fig. HI 
where evolutionary tracks are shown for comparison. 

5.3. Metallicities 

We performed an LTE analysis to obtain the iron abundances 
from the measured equivalent widths. The c alculations w ere car- 
ried out using the Meudon code ABON2 ( ISpitdll967l and up- 
dates implemented since then). We used the MARCS ID hydro- 
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Fig. 4: Temperatures vs. gravities. Y^ isochrones representing 
different ages and metallicities are shown. The lines connect- 
ing an open and a filled circle depict changes in temperature and 
gravity of HD 94374 and HD 182572 to achieve excitation equi- 
librium (see text). The open circles indicate photometric temper- 
atures obtained as described in Sect. 15.11 the filled circles corre- 
spond to the excitation-equilibrium values, which were adopted 
for these two stars. 



static model atmospheres (iGustafsson et al.|[2008h . obtained by 
interpolation for the appropriate parameters of the sample stars. 

The list of neutral and io nized iron lines used in this work 
were b ased on the hsts frornlCastro et all (Il997h . iBensbv et al.l 
(I2003h and iMelendez et akl (|2009|) . The oscillator strengths, 
log gf, adopted in this work were fitted in order to reproduce 
the solar iron abundance (Fel/H)0 = 7.50 (|G revesse & Sauvall 
IT998h . using Teff^ = 5777 K, log go = 4.44, and = 0.9 km s'^ 
The damping constants were co mputed when possible, using the 
collisional broadening theory of Barklem e t al.l (ll998Ll20()0l) and 
jJarklem & Aspelund- Johansson (2005, and references therein). 

The final iron line list comprises only lines that 

/) are free of blend s. We used an atlas of the solar photo- 
spheric spectrum ("Wall ace et al.lll998l) and the VALD line 
lists (Kupka et al. 1999.) to check for possible blends, and 
blended lines were discarded; 

;/) have solar W,i < 100 mA. For this range of W^, the as- 
trophysical logg/ values obtained from the solar equiva- 
lent widths are more reliable (for stronger lines oscillator 
strengths and broadening of wings have competing effects); 
and 

Hi) give systematically reliable abundances for the sample stars. 
Given that (A), is the iron abundance of each star, and A,i, is 
the abundance derived from an individual line, we checked 
the "quality" of the line by computing A^i - (A), / for all the 



(X/H) = log(A'x/yVH) - 12 
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^(A) 
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Fig. 5: Process of selection for stable Fel and Fell lines. The 
iron abundance of each star, (A),, is the average of abundances 
derived from individual lines, A^,. A,i, - (A), values indicate de- 
viations from the mean abundance value for each star Fe I and 
Fe II lines are indicated as open circles and red stars, respec- 
tively. 



sample stars (Fig.|5]l. This approach allows us to detect and 
exclude lines that give abundances systematically higher or 
lower than the abundance of the star by 0.15 dex and lines 
that seem to lead to inaccurate abundance values (deviation 
in A,i, - {A}j larger than 0.12 dex). 

Atomic data adopted for the final iron line list are given in 
Table lA.4l The equivalent widths of iron line s were measured us - 
ing the automatic code ARE^ developed bv lSousa et al ] (l2007h . 
Given a reference line list and a list of input configuration pa- 
rameters, ARES fits a continuum and measures W,) by fitting a 
Gaussian profile. 

We tested the dependence of Wa on the choice of the ARES's 
input parameters by comparing measurements made with differ- 
ent values, in particular the parameter required for the continuum 
definition (rejt) and the parameter that defines the wavelength in- 
terval around the line where the computation will be conducted 
(space). By considering different values for these parameters in 
the intervals 0.993 < rejt < 0.999 and 2 < space < 5 A, we ob- 
tained cTw,, which is the standard deviation of the measurements. 
Despite the majority of the lines giving a stable result under dif- 
ferent configurations, we found that some lines are very sensitive 
to the choice of these parameters. The differences between mea- 
surements made with different values of rejt and space can be as 
highaso-j^i ~ 15-20%. To avoid the effect of these lines in com- 
puting of the final metallicity, for each line with W,i + cr^j , we 
computed the iron abundance [Fe/H]±cr[p5./H]. The final [Fe/H] 
of each star was then considered as the weighted mean of the 
abundances, where w = (l/crpe/H]) were used as weights for 
each line. 

The reUabiUty of the ARES measurements was confirmed by 
comparing equivalent widths of iron lines measured with both 
ARES and the task SPLOT in the IRAF context. Figures |6] and [7] 
present the good agreement between W^s measurements for the 
Sun and the stars HD 11608, HD 77338, and HD 81767. 

We employed the equivalent widths of Fe I lines to derive the 
microturbulence velocity, ^, by requiring independence between 
abundances and the reduced equivalent width, log(W,)//l). Only 
lines with 20 < Wa < 100 mA were used, since fainter lines 
show some scatter in the comparison between ARES and SPLOT, 
and stronger lines are not well fitted by Gaussian profiles. No 
clear ^ velocities were found for our cooler stars (Teff < 5000 K). 
We considered that ^ can be defined as a function of temper- 



ature and gravity, and using stars with T^ff > 5200 K, we de- 
fined ^ = f{Tes, iogg) and then extrapolated this function to 
Tss < 5200 K. We adopted 0.3 km s ' fr om the extrapolation of 
our fit . The same problem was found by iFeltzing & GustafssonI 
(Il998h for their K dwarfs, and they adopted a constant value of 
1 km s We found that this value is too high for our sample, 
leading to lower metallicities in this temperature range and, con- 
sequently, to a positive gradient [Fe/H] vs. T^ff. A variation of 

= H-0.2 km s^' leads to A[FeI, II/H] = -0.05 dex. The errors 
in f were calculated considering the uncertainty in the slope of 
abundance vs. Wa, and are typically 0.1 km s"' . 

To compute the errors in the final metallicity, the following 
sources of uncertainties were taken into account: /) uncertain- 
ties in the stellar parameters [T^ff, v,, logg]; ii) errors in the 
W,)S measurements, which were estimated by considering sev- 
eral configurations of the ARES code as described above; and 
Hi) uncertainties in log gf values, which were computed by con- 
sidering errors in the solar Was. The total errors are ~ 0.05 for 
[Fe I/H] and 0.09 dex for [Fe II/H]. 



5.3.1 . Metallicities from two different codes 

We proceeded with all the calculations described above us- 
ing both the code b y the Uppsala group BSYN/EQWI 
dEdvardsson et al.ll993L an d updates since then) and the Meudon 
code ABON2 (ISpitd 19671 and updates implemented since then). 
All steps of the calculation were carefully compared: optical 
depths of lines, continuum opacities Kc, line broadening, and fi- 
nal abundances. 

The dominating opacity source is the H" bound-free absorp- 
tion. The two codes consider different calculations for t he H 
photo -detach ment cros s secti on cr^. The ABON2 code dSpitd 
Il967h adopts iGeltmanI ( |1962|) calculations, re presented by the 
polynomi al expressions fr om lGingericiil d 19641) . while cross sec- 
tions from IWishartl(ll979h are adopted in the BSYN/EQWI code 
dEdvardsson et al.lll993 ). Using these sources and considering a 
Fel line at 5861 A and the solar atmosphere model, we found 
that differences in the continuum absorption are up to 4% in the 
upper atmospheric layers (T5 < -1), and less than 1% in the bot- 
tom of the p hotosphere (T5 > 0). We updated the ABON2 code 
(Spite l96% using new cross sections calculations from Ijohiil 
( 1988 ), which improve the agreement of Kc between these two 
codes to < 1% at the upper layers with T5 < -1 and ~ 2% at 
T5 > layers (Fig.[8]l. 

The line opacity (a-/) calculated for an Fel line at 5861 A 
is shown in Fig. [8] with a solar model. We found that the ratio 
between line opacities, /c/,BSYN/f/,AB0N2, decreases with optical 
depth. An agreement between their values in the two codes is 
found at \0gT5 x Q. The small discrepancy is mainly due to 
differences in the van der Waals broadening determinations. The 
ratio ki/{ki + Kc) is within 1% at layers with T5 < -1. 

The same analysis was carried out for other lines at different 
wavelengths and atmosphere models. Despite the small trends 
with A and T^s, Table|7]shows that the differences found between 
metallicities obtained with the two codes are within 0.02 dex. 



|http : //www ■ astro . up . pt/- sousasag/ ares/] 



5.4. Checks on excitation and ionization equilibria 

Since we are using temperatures from photometric scales and 
trigonometric gravities, it is interesting to check whether exci- 
tation and ionization equilibria are reached. For each star, we 
plotted iron abundances vs. the excitation potential ;i'j,Ar(eV) and 
performed a linear fit between these two quantities (Fig.|9]shows 
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Fig. 6: Equivalent widths measurements from ARES and IRAF for the solar spectrum. The relative differences, (W^^res 
^'1iraf)/^')iraf' given as a function of wavelength (left) and W^.^^p (right). 
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Fig. 7: Same as Fig.[6]for the stars HD 1 1608, HD 77338, and HD 81767. 



Fe I line at 5861.110 A 



line absortion (k|) 
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K| / (K|+Kc) 




Table 7: Abundances obtained with two different codes 



Star 


T,ff (K) 


logs 


A[Fe I/H]" 


A[Fell/H]'' 


Sun 


5777 


4.44 


0.00 


0.00 


HD 15133 


5223 


4.47 


0.01 


0.02 


HD 77338 


5346 


4.55 


0.01 


0.01 


HD 90054 


6047 


4.18 


0.01 


0.00 


HD 177374 


5044 


4.38 


0.01 


0.02 



Notes. A[FeAl] = [Fe/H]BSYN - [Fe/H]^ 



Fig. 8: Ratio of opacit ies computed using the B SYN/EQWI 
dEdvardsson et al.lll993h and ABON2 (ISpitelll967h codes for an 
Fel line at A = 586 1.11 A for the solar model. 



HD 26151 as an example). The excitation equilibria is indicated 
by the independence between abundances and Xexc\ i- e-, the 
slope b must be zero. Figure [10] presents the slope b as a func- 
tion of temperature, gravity, and metallicity for all the sample 
stars. The slope exceeded 2cr from the mean value for two stars: 
HD 94374 and HD 182572. HD 182572 is a known variable. 



with an amplitude variation smaller than 0.2 mag. The photo- 
metric calibrations give Tgff ~ 5070 K, and the excitation tem- 
perature (5700 K) was adopted for this star. For G 161-029 no 
parallax measurement is available. Therefore spectroscopic Teff 
and log g were adopted for these three stars. 

In addition to these outlier stars in Fig. (TO] we found small 
trends between the slope b and temperatures/gravities. This was 
also found by Feltzing & Gustafsson (1998) in their analysis 
of 47 metal-rich stars. On the other hand, the trend between b 
and [Fe/H] is very small; thus, the effect of choosing photo- 
metric temperatures over excitation ones on the final metallic- 
ities should be negligible. We quantified this effect by obtain- 
ing the excitation temperatures by requiring zero slope from the 
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excitation energy balance diagram, and we compared the exci- 
tation and photometric temperatures, as shown in Fig. [12] The 
excitation temperatures agree well with the photometric ones. 
Differences between temperatures are all below + 5%, except 
for the stars HD 94371 and HD 182572, for which the excitation 
temperatures were adopted. The mean difference is only 0.7%, 
with a standard deviation of 2.5%. For [Fe/H] > 0.4, the pho- 
tometric temperatures are systematically higher than excitation 
temperatures by an amount of 2% in average. If we consider 2% 
lower temperatures in these cases, the resulting change in abun- 
dance is 0.05 dex. Finally, in Fig.[TT] we show that the iron 

abundances derived from Fe 1 show no obvious trend with T^ff. 

Ionization equilibria, indicated by the difference between 
Fel and Fell abundances, is shown in Fig. [T3] for all the sam- 
ple stars. We found an apparent overionization as compared to 
expectations from LTE calculations for the cooler stars {Tss < 
5200 K) in the sample, with an upper limit of [Fell -/Fel] 
< 0.2 dex. Even though lines of ioniz ed iron atoms are less sus - 
ceptible to non-LTE effects than Fe I dlh evenm &IdiartllI999l) . 
we considered the abundances derived from Fe I lines to be the 
final metallicities of our stars, since Fe I lines are more numer- 
ous. 
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Fig. 10: Excitation equilibrium as a function of temperature 
(top), gravity (middle), and metallicity (bottom). The dashed 
line indicates the perfect excitation equilibrium. The arrows in- 
dicate changes in temperature and gravity of HD 94374 and 
HD 182572 to achieve excitation equilibrium (see text). Open 
circles indicate photometric temperatures obtained as described 
in Sect. 15.11 filled circles correspond to the adopted, excitation- 
equilibrium values. 
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Fig. 9: Abundances versus normalized equivalent widths, 
log(W/A) (top), and excitation/ionization equilibrium (bottom) 
shown for HD 26151, as an example. Red stars represent Fell 
lines. The Fe I and Fe II abundances and linear coefficients b are 
given in the plots. 
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5.5. Stellar masses and ages 

Isochrone fitting techniques can provide es t imates of stellar 
masses and ages. lAllende Prieto & LambertI d 19991) compared 
masses derived from interpolation of isochrones and the direct 
estimates from observations in eclipsing spectroscopic binaries, 
and they concluded that masses can be estimated with uncertain- 
ties below 8%. More recently, Melendez et al. (2011, in prep.) 
show that masses and ages can be estimated with even higher 
accuracy, provided the isochrones are well calibrated to repro- 
duce the solar ages and masses. 

Therefore, we used a grid of Yonsei-Yale isochrones to de- 
termine the masses and ages for the sample stars. The isochrone 
points were characterized by the effective temperature (Teff), the 
absolute magnitude (Aiy), and the metallicity ([Fe/H]). Using 



Fig. 11: [Fel/H] vs. temperatures. Dashed and dotted lines indi- 
cate the mean iron abundance and [Fe/H] - 0, respectively. 



Teff, parallaxes, apparent magnitudes, and [Fe/H] as input values, 
we recovered the possible solutions for log g, masses, and ages, 
which are within the errors in T^ff, Aiy and [Fe/H], and com- 
puted the mean values. This procedure was repeated 200 times, 
and each time, the input values were varied following a normal 
distribution with mean X and standard deviation of crx, where X 
(with X = Teff, Aiy and [Fe/H]) is the parameter value and o-x 
is the error associated with it. The internal errors on masses and 
ages were then computed as the standard deviation of the output 
values of these 200 realizations; errors of about 3% were found. 
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Fig. 12: Differences between photometric and excitation temper- 
atures vs. metallicities. The dashed Unes indicate +5%. 



from isochrones and those from dynamical considerations, no 
corrections were applied to the masses of our sample stars, since 
this difference would lead to lower log g only by an amount of 
< 0.02 dex, and the effect in the resulting abundances would be 
negligible. We added these uncertainties to the internal errors of 
masses and log g. 

We also derived the stellar masses from the Padova 
isochrones with the tool PARAM 
(see also Sect. 15.21 ). We found that 
masses estimated from Padova isochrones are ~ 5% lower 
than masses, and this difference leads to lower gravities by 
~ 0.02 dex. 

Using the same procedure for mass determinations, we ob- 
tained the ages for all sample stars. The ages of 36 stars could 
be determined with errors smaller than 30%, and for 22 of them, 
the errors are within 20%. The stellar masses, ages, and their 
uncertainties for all sample stars are reported in Table [T3] 
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Fig. 13: Ionization equilibrium as a function of temperature 
(top), gravity (middle), and metallicity (bottom). [Fel/Fell] is 
the difference between abundances from neutral and single ion- 
ized iron Hnes, [Fel/H] - [Fell/H]. 



To check the accuracy of our mas s determination met hod, we 
derived the masses of stars listed in iTorres et al.l (l2010h . These 
authors have produced the most recent compilation of high- 
accuracy mass determinations in binaries (< 3%). We selected 
stars with temperatures and distances similar to those of our sam- 
ple stars: parallaxes in the range 11 to 70 mas and temperatures 
from 4500 to 6500 K. We found 14 stars satisfying these criteria. 
Using the temperatures from these authors and solar metallicity, 
we derived the masses using the same method as was applied 
to our stars. We found that masses obtained with isochrones 
are 4% lower than masses from Torres et al., with a standard 
deviation of 5%. The good accuracy found in the present work 
comes from the narrower range of parameters considered here. 
Despite having found a systematic difference between masses 



5.6. Final parameters and comparison w/fh otiier studies 

The final adopted temperatures, gravities, and metallicities were 
compared with data available in the literature. For compari- 
son purposes, the parameters (Teg, log;?, [Fe/H]) w ere retrieved 
from the PASTEL catalogue dSoubiran et al.l[2010l) . which com- 
piles stellar atmospheric parameters obtained from the analy- 
sis of highresolution, high signal-to-noise spectra. We only took 
into account analyses more recent than the year 1997 into ac- 
count, keep ing only from previous year the reference paper of 
iMcWilliamI ( ll99Q) . The parameters of 38 of our sample stars 
are available in this catalogue. Table [8]presents the mean values 
and standard deviations (when more than one value is available) 
of (Tes, log g, [Fe/H]). The differences are also reported. The se- 
lected list of stellar parameters given in this catalogue is reported 
in Table |A2] 



The comparisons are presented in Fig. [141 Differences be- 
tween temperatures considered in the present work and those 
from the PASTEL catalogue do not exceed 2%, except for two 
stars (HD 31827 and HD 35854). We also found good agreement 
between gravities, with differences within ~ 0.2 dex. 

The metallicities derived in this work are in good agreement 
with the values reported in the literature for [Fe/H]< 0.3. At 
higher metallicities ([Fe/H] > 0.3), the abundances determined 
in this work are systematically higher than the values reported in 
the literature by ~ 0. 1 dex on average. On the other hand, there 
are no systematic differences between temperatures and gravities 
for [Fe/H] > 0.3; thus, it is unlikely that differences in stellar 
parameters are the source of our higher metallicities. 

We also compared the present final metallicities and the 
photometric metallicities from the GCS survey. Our sample 
contains 17 stars in common with GCS, and the mean differ- 
ence between the metallicities of these stars is [Fe/H]present^ 
[Fe/H]Gcs = 0-08 ± 0.12. Improved new calibrations of the GCS 
data from ICasagrande et alj (1201 Ih brings the GCS metallicity 
scale into agreement with ours: using the temperatures from 
CRM 10 calibrations, Casagrande et al. also found higher [Fe/H] 
by an amount of 0. 1 dex. 

Finally, the metallicities derived from the Geneva photome- 
try, presented in Table[T3l show differences of spectroscopic iron 
abundances derived in the present work being -0.12 + 0.16 dex 
lower than the Geneva photometric metallicities. 
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Table 8: Data from the PASTEL catalogue 



Star 




(K) 


ATeff (K) 


log 


8 


Alogg 


[FeAl] 


A[Fe/H] 


HD 8389 


5330 


± 67 


-56 


4.44 ± 


0.09 


0.03 


0.41 ± 


0.09 


0.17 


HD 9424 


5420 


± ... 


29 














HD 10576 


5882 


± ... 


47 














HD 13386 


5294 


± 95 


-24 


4.28 ± 




0.26 


0.26 ± 




0.10 


HD 15555 


4855 


± 20 


12 














HD 25061 


5321 


± ... 


-14 














HD 26151 


5353 


+ 22 


30 


4.39 ± 


0.11 


0.02 


0.27 ± 


0.01 


0.06 


HD 26794 


4930 


± 29 


-10 


4.74 ± 




-0.25 


0.07 ± 


0.04 


0.00 


HD 27894 


4914 


± 54 


6 


4.30 ± 


0.12 


0.24 


0.25 ± 


0.07 


0.12 


HD 30295 


5417 


± 74 


-11 


4.29 ± 


0.30 


0.07 


0.22 ± 


0.09 


0.10 


HD 31452 


5262 


± ... 


-12 














HD 31827 


5508 


± 150 


100 


4.12 ± 


0.39 


0.23 


0.30 ± 


0.15 


0.17 


HD 35854 


4928 


± 32 


-27 


4.54 ± 


0.11 


0.04 


-0.09 H 


t0.06 


0.05 


HD 37986 


5507 


± 66 


-4 


4.38 ± 


0.06 


0.09 


0.27 + 


0.05 


0.03 


HD 39213 


5372 


± 120 


100 


4.18 ± 


0.25 


0.20 


0.28 ± 


0.11 


0.17 


HD 39715 


4816 


± 25 


-75 


4.75 ± 




-0.18 


-0.04 H 


t ... 


-0.06 


HD 77338 


5290 


± 


56 


4.75 ± 


0.21 


-0.20 


0.26 ± 


0.06 


0.15 


HD 82943 


6000 


± 44 


-70 


4.43 ± 


0.08 


-0.08 


0.27 ± 


0.04 


-0.04 


HD 86065 


5026 


± ... 


-88 


4.50 ± 




0.12 


-0.06 H 


t ... 


0.15 


HD 86249 


4961 


± ... 


-4 














HD 87007 


5282 


± 29 





4.55 ± 


0.21 


-0.01 


0.27 ± 


0.00 


0.02 


HD 90054 


6080 


± ... 


-33 














HD 104212 


5996 


± ... 


-163 














HD 107509 


6069 


± ... 


33 














HD 120329 


5636 


± ... 


-19 














HD 148530 


5402 


± ... 


-10 














HD 149933 


5735 


± ... 


-249 














HD 165920 


5342 


± 5 


-6 


4.38 ± 


0.02 


0.09 


0.30 ± 


0.01 


0.06 


HD 171999 


5288 


± 55 


16 


4.65 ± 




-0.16 


0.40 ± 




-0.11 


HD 180865 


5255 


± ... 


-37 














rlU tStZ:>4 


^-1 1 ^ 

J4i3 


_i_ 111 
+ tzt 


-1U4 


4.4/ + 




n 1 n 
-U. tu 


0.36 ± 




n no 


HD 181433 


4958 


± 6 


-56 


4.37 ± 




0.20 


0.33 ± 




0.08 


HD 182572 


5583 


± 172 


117 


4.16 ± 


0.17 


0.02 


0.38 ± 


0.09 


0.10 


HD 197921 


4948 


± ... 


-82 














HD 21 1706 


6023 


± ... 


-6 














HD 218566 


4927 


± ... 


-78 


4.81 ± 




-0.33 


0.38 ± 




-0.10 


HD 218750 


5227 


± ... 


-93 














HD 224383 


5751 


± 14 


9 


4.36 ± 


0.06 


-0.08 


-0.06 H 


t0.02 


-0.04 



6. Abundance determination 



Table 9: Nickel blend at 6300 A. 



6. 1 . Carbon, oxygen, magnesium, and calcium 

To derive the abundance of C, O, Mg, and Ca, we performed 
spectral synthesis, and the abundances were obtained by mini- 
mizing the x~ between the observed and synthetic spectra. The 
sy nthetic spectr a were o btained using t he PFA NT c ode described 



ICayrel et al.1 ( 1199 lb . iBarbuv et al.l (|2003|) . and ICoelho et al.l 
(I2005h which includes molecular lines in the ABON2 code 
(Sect. 15.31 1. Again, the same MARCS model atmospheres are 
employed. 



Carbon 



The carbon abundances were derived from the C I 5380 A line, 
adopting the line list given in ISoite et al.1 (Il989h . To check the 
atomic parameters, we derived the solar carbon abundance hy 
minimization between observed and synthetic solar spectra, ob- 
taining (C/H)0 = 8.53. This val u e is in good agreement with 
abundances from Grevesse et al. I (mdt) . (C/H)0 = 8.55, and 
iGrevesse & Sauvall(ll998h . rC/H1^ = 8.52. 



Species 


A 

(A) 


(eV) 


^og gf 


Nil 


6300.335 


4.27 


-2.275 


Nil 


6300.355 


4.27 


-2.695 


[OI] 


6300.340 


0.00 


-9.820 



Oxygen 

The oxygen abundances were determined using the forbidden 
line at 6300 A. The blend with nickel w as taken into account 
using the atomic data from lBensbv et al.l (l2004l) (Table|9]l. Since 
previous studi es suggest that the [N i/Fe] ratio increases at higher 
metallicities dBensbv et al.l l2005h . the contribution of the Ni 
blend at 6300 A may be important for our sample stars. For this 
reason, the abundances of Ni were previously derived, in order 
to consider the correct ratio [Ni/Fe] for each star. 

To check the atomic parameters, we derived the solar oxy- 
gen abundance, obtaining (O/H)© = 8.63. This value is in good 
agreement with (0/H)o = 8.66 from lAsplund et all (l2005h . 
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Fig. 14: Relative differences between temperatures (top), grav- 
ities (middle), and metallicities (bottom) derived in the present 
work and from the PASTEL catalogue. Differences are this work 
- PASTEL. Dashed lines indicate +2% in the T^ff panel and 
±0.2 dex in the log g and metallicity panels. 



Sun - Mg ?l6319 A 




6318.0 



6318.5 



6319.0 



X(A) 



6319.5 



6320.0 



Fig. 15: Solar spectra in the region of the 6319 A Mg 
triplet. Solid lines indicate the synthetic spectra for (Mg/H) 
- 7.50, 7.60, 7.70; the dots indicate the observed spectrum. The 
dotted line shows the contribution of the Ca 1 autoionization line. 



Magnesium 



The magnesium abundances were obtained using the triplet Mg I 
lines at 6319 A. A Cal line at 6318.3 A showing autoionization 
effects, producing a ~5A broad li ne, can affect the dete rmination 
of the continuum placement (e.g. lLecureur et al ]l2007h . The Cal 
autoionization line was treated by increasing its radiative broad- 
ening to reflect the much reduced lifetime of the level suffering 
autoionization compared with the radiative lifetime of this level. 
The radiative broadening had to be increased by 16 000 of its 
standard value (oc based on the radiative lifetimes alone) 
to reproduce the Cal dip in the solar spectrum (Fig.fTSll. In addi- 
tion, the abundances of Ca of each star were derived before the 
calculations of the synthetic spectra at the 6319 A region, in or- 
der to take the correct [Ca/Fe] ratio into account in the computa- 
tion of the Ca line. Even if the majority of the stars in the sample 
are not affected, since their abundance ratios are close to solar 
([Ca/Fe] ~ 0.00), for some of the sample stars the effect can be 
important. Figure[T6]presents the spectrum of HD 201237 at the 
63 19 A region. The contribution of the Ca 1 autoionization line is 
shown considering both [Ca/Fe] = 0.00 and [Ca/Fe] - 0.37. The 
latter is the abundance ratio of HD 201237 before the correc- 
tion of the trend with temperature (Sect. l673] l. It is clear that the 
Ca abundance of this star must be taken into account to repro- 
duce the Ca 1 dip. The resulting differences in the Mg abundance 
considering solar and non-solar [Ca/Fe] ratio are ~ 0.07 dex in 
average. 

To check the atomic parameters of the lines at the Mg I triplet 
region (Table [TOb. we derived the solar Mg abundance. We ob- 
taine d (Mg/H)o - 7.60, in good agreement with (Mg/H)o = 7.58 
from lGrevesse & Sauvall (Il998h . 



Calcium 



The Cal Unes were selected from Bensbv et al.l (|2004|) . 
ISpite et al.'('l 987h. and lBarbuv et all (12009'), and they are listed 
in Table I A. 3] The log gf va lues were fitted to the sola r line pro- 
files, using (Ca/H)o = 6.36 dGrevesse & Sauva]|1998l) . The lines 
that give unreliable abundances were identified using the same 
procedure as applied to Fe lines, and the differences A^u - (A), 
for all the sample stars are plotted in Fig.fTTl 



6.2. Silicon, titanium and nickel 

Silicon, titanium, and nickel abundances were determined by re- 
covering the measured equ ivalent widt hs through LTE analy- 
sis with the ABON2 code (ISpitelll967h . Again, the equivalent 
widths were measured with the ARES code, and errors in W,\ 
were estimated by carrying out the same procedure as described 
in Sect. 15.31 Ti, Si, a nd Ni spectr a l line s were selected from 
Bensbv etal] (|2004 . ICohenetalJ (|2009!), and iPomp eia et aP 
(|2007|) . Through a similar procedure used in the iron abundance 
determination, the log gf values were fitted to the solar equiv- 
alent widths, ado pting (Ti/H)o = 5 02, (S i/H)^, = 7.55 and 
(Ni/H)o = 6.25 iOrevesse & Sauvall [T998b . The final line list 
and the astrophysical log gf values are presented in Table lA.3] 

Lines that give unreliable abundances were identified with 
the same procedure as used for iron lines. We computed the 
differences between the abundance of each star, (A),, and the 
abundance derived from an individual line, A,i,. The differences 
Aai - (A), for all sample stars are plotted in Fig.fTTl 
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Table 10: Lines at the 6319 A region. 



Species 


1 

A 




log,?/ 




logg/ 


logg/ 




(A) 


(eV) 


(Sun) 


(NIST) 


(VALD) 


(BZO+09) 


Fel 


6318.03 


2.45 


-1.80 


-1.80 


-2.26 




Til 


6318.03 


1.43 


-0.94 








Cal 


6318.35 


4.43 


0.06 




0.06 




Mgl 


6318.72 


5.11 


-1.98 


-2.10 


-1.73 


-2.10 


Mgl 


6319.24 


5.11 


-2.23 


-2.32 


-1.95 


-2.36 


Mgl 


6319.49 


5.11 


-2.80 


-2.80 


-2.43 


-2.80 



Notes. BZO-F09: lBarbuv et alj J2009l) 



HD 201237-Mg?L6319A 




6318.0 6318.5 6319.0 

^(A) 



6319.5 



6320.0 



Fig. 16: Spectrum of HD 201237 in the region of the 6319 A 
Mg triplet. Solid lines indicate the synthetic spectra for (Mg/H) 
= 7.53, 7.63, and 7.73; the dots indicate the observed spectrum. 
We considered the calcium abundance of HD 201237 to cal- 
culate the synthetic spectrum, and the contribution of the Ca I 
autoionization line is represented by the dotted curve. The dot- 
dashed line indicates the Cal dip when we consider [Ca/Fe] 
= 0.00. 



6.3. Spurious abundance trends and errors 

Trends with effective temperature were found in previous 
studies. In an analysis of 1040 F, G, and K dwarf stars, 
IValenti & FischeJ (l2005h find that the abundances of Na, Si, 
Ti, Ni, and Fe pre sent trends with the temperature of the star 
iNeves et~al ] d2009h derived the chemical abundances of 12 el- 
ements for a sample of 451 stars of the HARPS GTO planet 
search programme, and similar trends with temperatures were 
found. 

To check such trends in our results, we plotted our final abun- 
dances against temperatures. Figure [18] shows the abundances 
vs. Tgff, and a significant trend is observed for C, Ca, and Ti 
abundances. Following a procedure similar to the one adopted 
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Fig. 17: Process of selection of stable lines of Ti I, Si I, and Ca I. 
The dashed lines indicate ±0.2 dex. 



bv'Valen ti & Fisched (l2005h and lMelendez & CohenI (l2009l) . we 
corrected this trend by fitting a second-order polynomial and ap- 
plied the correction for C, Ca, and Ti (Fig.[T9l). We assumed that 
abundance trend corrections are zero at Tetf = 5777 K. This as- 
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sumption eliminates the possibility that the Siin itse lf may have 
peculiar abundances (e.g. lAUende Prieto et al.ll2b04l) . 

The errors on abundances were estimated as follows. The 
errors on abundances of C, O, and Mg were derived by tak- 
ing the uncertainties on the stellar parameters into account. 
Temperatures, gravities, and metallicities were varied individ- 
ually according to their errors, and the resulting variations on 
the abundance were added quadratically. This procedure were 
performed for ten stars in the sample, and the mean error was 
assumed to be the characteristic error for the sample stars (0.12, 
0.17, and 0.08 dex for C, O, and Mg, respectively). More than 
one spectral line was used to derive the abundances of Ni, Si, 
Ca, and Ti, and for these elements, the eiTors are assumed to be 
the standard deviation of the abundances derived from individ- 
ual lines. The errors on these four abundances are presented in 
Tables [lland[T5l 



intermediate population, and one to the thin disk. This over- 
abundance is within the errors; therefore higher S/N spectra 
would be interesting to verify their oxygen abundances with 
higher precision, since these could be a distinct category of 
stars, but there is no evidence for such a conclusion with the 
present data. 

Nickel: The nickel-to-iron ratio is constant up to [Fe/H] ~ 0.2, 
and increases at higher metalli cities. This trend has already 
been suggested by data from iBensbv et al.l ( |2004|) . and is 
confirmed here. 

Magnesium, silicon, calcium, and titanium: The abundance of 
these elements present a low scatter and follows the general 
trend of thin disk stars. 



6.4. Final abundances and comparison with other studies 

To test the reliability of our results, we compared the abun- 
dances derive d in the present work and der ivations from previ - 
ous studies o f IValenti & Fischeii ( l2005h and lNeves etal] (l2009h . 
Our sample contains 12 stars in common with the sample stud- 
ied by Valenti & Fischer and eight in common with Neves et al. 
In Table nn we give the mean difference between the abundance 
ratios [X/Fe], and in Fig. |20l these differences are shown as a 
function of [Fe/H]. Our results are in good agreement with the 
abundances derived by these authors. Differences are all within 
~ 0.2 dex, and there is no evident trend with metallicity. 

The final abundances relative to iron, [X/Fe], vs. [Fe/H] 
are presented in F i g. ISTI We plotted the abundances from 



iBensby et all (l2003h iBensbv et al.l (12004 a nd iMishenina et al.l 
(12004 120081) . and iReddv et al.l (l2003l l2006l) for a comparison. 
We applied the same procedure as described in Sect. l4.2l to sepa- 
rate the samples of these studies into thin disk, thick disk, and in- 
termediate population^ We stress that the comparison must be 
considered carefully: different approaches and methods can lead 
to systematic differences between abundances from different au- 
thors. These systematic differences could be determined by di- 
rect comparison of abundances for stars in common with other 
samples. However, our s ample contains only two stars in com- 
mon with the sample of Bensbv et al. (|2004 and one in com- 
mon with IMishenina et al.l ( 2004 , 20081) . so that the systematic 
differences could not be quantified accurately. By comparing the 
abundances of these stars (even if they are so few), we found that 
our results are 0.04 dex lower than [ff/Fe] ratios from these stud- 
ies. Differences at this level do not affect the main conclusions 
of this work. 

We found the following trends of [X/Fe] vs. [Fe/H] for each 
element: 

Carbon: [C/Fe] is a decreasing function of metallicity. The me- 
dian value of [C/Fe] at lower metallicities ([Fe/H] < 0.2) is 
0.03, while we found [C/Fe] -0.07 for the more metal-rich 
stars ([Fe/H] > 0.2). 

Oxygen: [O/Fe] decreases with increasing metallicity. Eight 
stars with metalHcity 0.2 < [Fe/H] < 0.4 have [O/Fe] k 0.2. 
Among these, five are assigned to the thick disk, two to the 



To perform a consistent comparison, we re-classified the sam- 
ples from these authors, using the same procedure as for our sam- 
ple. Herea fter, the thin disk, the thick disk, and interm e diate popula - 
tion s from j Bensby et alJ ll20()3l. |2004) . IMishenina et"ai] ( |2004 l2008h . 
and IReddv et all ( !2003l. |200^ refer to the classification described in 
Sect.O 




□ Ni A Ti 
0a O Si 

V 1^9 



[Fe/H] 



Fig. 20: Comparison of abundances with other studies. The up- 
per panel shows differe nces between our abundan ces of Si, Ti, 
and Ni and those from IValenti & Fische^ (l2005h . The bottom 
panel prese nts the comparisons of Si, Ti, Ca, Mg, and Ni abun- 
dances from lNeves et al ] (120091) . 



7. Discussion 

In the present work we concentrate efforts on studying metal-rich 
stars with [Fe/H] > 0.0, from a sample of high proper-motion, 
NLTT-selected stars as described in Sect. |2l In iPompeia et al.l 
(|2003|) . we studied the behaviour of [a/Fe] as a function of 
metallicity in the range -0.8 < [Fe/H] < -1-0.4, for stars with 
similar kinematics to the present sample. It was found that the 
enhancement of ff-elements relative to Fe drops with increasing 
metallicity, reaching solar ratios at around [Fe/H] -0.4 for Si, 
Ca, and Ti, and at [Fe/H] ^ -0.2 for Mg and O. This behaviour 
is com patible with the thick disk characteristics. Bens bv et al.l 
(120031) shows a drop in [ff/Fe] at [Fe/H] ^ -0.4, reaching the 
solar ratio at [Fe/H] ^ 0.0. It was shown in Sect. |6] that a- 
element abundances are not enhanced in the metal-rich sample 
stars, a result compatible with the behaviour previously shown 
byHompeia et al. (2003). 

In terms of kinematical properties, we analysed the U, V, W 
velocities of the sample stars to identify members of the thick 
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Fig. 18: Abundances of C, O, Mg, Si, Ca, Ti, and Ni vs. temperature. A pronounced trend is observed for C, Ca and Ti. 
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Fig. 19: Abundances of C, Ca, and Ti vs. temperature after the correction. We considered the mean abundance in the range 5680 < 
Jeff < 5880 K as the zero point of the correction, which is -0.03, -0.02, and -0.01 for C, Ca, and Ti, respectively. 



Table 1 1 : Comparison of abundances with other studies 



Reference 


A[Fe/H] 


A[Ca/Fe] 


A[Mg/Fe] 


A[Si/Fe] 


A[Ti/Fe] 


A[Ni/Fe] 


# 


Valenti & Fischer (2005) 


0.01 ± 0.07 






0.02 ± 0.06 


0.05 ± 0.05 


0.06 ± 0.04 


12 


Neves et al. (2009") 


0.10 ±0.08 


0.12 + 0.11 


0.04 ± 0.07 


0.00 ± 0.04 


-0.14 + 0.09 


0.02 ± 0.04 


8 



Notes. A[X/Fe] = <[X/Fe]o„, - [X/Fe] 

OtliciV 



dis k, thin disk and interm ediate ones, according to definitions 
by ISoubiran et al.l (l2003h . The membership with thin or thick 
disk components discussed in Sect. l4.2l leads to 42 (59%) of the 
sample stars to be identified with the thick disk. 

7. 1 . Comparison with thin and thick disk stars 

We compared the characteristics of the sample stars with thin 
disk, thick di s k, and intermediate popu l ations from lBensby et al 



(2003 



(12006D 



|2004 . iMishenina et"an (|2004 l2008h . and iReddv et al 



The sample is dominated by stars having the metallicities 
indicative of thin disk population, as seen by the behaviour of 
[a-elements/Fe] vs. [Fe/H] presented in Fig. |2T| On the other 
hand, the kinematics of the sample stars would suggest member- 
ship with the thick disk, as shown in the UV plane and Toomre 
diagram (Fig. l22l i. If confirmed as members of the thick disk, 
these metal-rich stars provide an interesting sample for testing 
models of thick disk formation. They show the kinematics of a 
thick disk, together with the metallicities and abundance ratios 
of thin disk stars. 

In Fig.|23] we show the space velocities U, V, and W against 
[a/Fe]. The sample stars show a lower rotational velocity V than 
the thin disk stars. The |W| velocity is somewhat higher than 



the thin disk, showing essentially only negative values, which 
may be further investigated in terms of migration effects in the 
Galaxy. 

Grenon (1987) proposed that the average radius of the orbit, 
^ni - (Rmax + ^min)/2, is kept close to the initial galactocentric 
radius of the stellar birthplace. Therefore, we are able to use 
to derive radial constraints, such as the abundance gradients for 
each population. Figure|27]shows how the metallicity and [c/Fe] 
vary with respect to 7?^ for thin, thick, and intermediate stars. 
The thin and thick disk stars appear to have ~ 8 and 6 kpc, 
whereas the intermediate population has ~ 1 kpc. These 
distances agree with distances of our thin disk, thick disk, 
and intermediate subsamples. Therefore, we investigate whether 
Rm for each component remains the same when considering the 
more complete sample from GCS. This is shown in Fig.|28] and 
it is clear that the GCS data also show that thin, thick, and inter- 
mediate stars have these typical R^ values. 

Figure |24] shows [Fe/H] and [ff/Fe] vs. the stellar ages. The 
ages of the sample stars span from ~ 2 to ~ 14 Gyr, with 
mean age of 7 to 8 Gyr In this plot, the large symbols repre- 
sent stars for which ages could be determined with uncertain- 
ties lower than 30%, and the remaining stars are shown as small 
symbols. The older stars in the sample present lower metallic- 
ities and higher a-element enhancement. To verify if different 
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Fig. 21: Abundances of C, O, Ni, Mg, Ca, Si„ and Ti vs. metallicities. The abundances derived in this work (black ci rcles) are 
compared wi t h the thin (green circles), thick (red stars) disk stars, and the in termediate population (blue triangles) from iBensbv et al.l 
(I2003L 12004 . iMisheninaet aH (l2004 l2008h . and lReddv et aP (I2003L 120061) . 



ages, [Fe/H] and [ff/Fe] correspond to different populations, in 
Figure|25]we show the same as Fig.[24]for each subsample. Thin 
disk, thick disk, and intermediate populations are indicated by 
different symbols. It seems that the three subsamples span the 
same range of ages, and the trends of decreasing metallicity with 
increasing age and increasing [or/Fe] with increasing age are ob- 
served for both thin and thick disk stars. Therefore, the evolution 
of abundances appear to be very similar for the three popula- 
tions. 

The maximum height from the Galactic plane Z,nax of our 
selected 42 thick disk stars, of Z^ax = 380 pc (Table HI, could 
be considered to be lower than a mean thick-disk height (e.g. 
Ilvezic et al ]l2008h . 



7.2. Comparison with bulge stars 

Very metal-rich stars can be found in the Galactic bulge. In the 
mo st extensive high-reso lution spectroscopic survey available so 
far. IZoccali eTaLr(l2008h studied stars in three different fields 
along the Galactic minor axis and find that in the most central 
region of their bulge sample (b - -4°), ~ 30% of the stars have 
[Fe/H] > 0.2, and more than 50% have [Fe/H] > 0.0. The frac- 
tion of very metal-rich stars decreases with increasing Galactic 
latitudes. We investigate the similarity between the stars studied 
in this work and bulge stars. 

iGonzalez et al.l (1201 ih determined the abundances of the a 
elements Mg, Si, Ca, and Ti, and obtained a mean [a/Fe] ratio 
of bulge stars. At solar metallicities, the bulge stars are Mg-Si- 
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Ca-Ti-enhanced by ~ 0.1 dex at the solar metallicity, when com- 
pared with our sample stars. However, the bulge stars are giants, 
and the present sample consists of dwarfs, therefore systematic 
effects of model atmospheres and other differences are expected 
on the abundance analysis. 

Another interesting piece of information comes from the ob- 
servation of microlensed dwarf and subgiant stars. In Fig. |26] 
we show the abundance s of O, Ni, Mg, Ca, Si, and Ti for 26 
such stars, presented by iBensbv et al.l (1201 ll) . and we plot the 
abundances of our sample stars for comparison. Except for an 
enhanced Mg in a few of the microlensed dwarfs, the results for 
their six metal-rich stars are also compatible with the present re- 
sults, therefore our metal-rich thick-disk star subsample could 
be identified with a bulge origin as well. 

7.3. Theoretical predictions 

The kinematical and chemical characteristics of the sample stars 
might be e xplained by models of radial migration of stars. \Fw] 
(Il997h and lRaboud et al.l(ll998h identified "hot" orbits produced 
by effects of the bar, moving stars between regions inside the bar, 
and outside corrotation. Raboud et al. ( 1998) found that the old 
disk stars in their large sample appeared to show a positive mean 
U motion, with an imbalance between positive and negative U 
velocities reaching up to 50 km s ' . A U anomaly of H-29+2 km 
s"' with respect to the Sun and +19±9 km s"' with respect to 
the Galactic centre was identified. Raboud et al. suggest that the 
metal-rich stars within this sample appeared to wander from in- 
side the bar, reaching the solar neighbourhood. Therefore, the 
kinematical anomaly for the old disk (see Sect. |2]l detected by 
Raboud et al. could be a signature of the bar More recently, 
ISellwood & BinnevI (l2002h have shown that the transient spiral 
arms have a dominant effect on radial migration. If these mech- 
anisms prove to be the origin of our thick disk sample stars, it 
could be that these stars are bulge or inner thick disk stars reach- 
ing the solar neighbourhood. 

In recent years, rad ial migr ation has been the subject of 
severa l s tudies, such as Havwoo d (2008), iMinchev & Famaevl 
ISchonrich & BinnevI 72009aiibi) . and 'Brunetti et al.l 
among others. For example, ISchon rich & Binnev 
predict that there are old very metal-rich stars in the 
solar neighbourhood, at a relatively low rotational velocity. In 
this case as well, these metal-rich stars would have an origin in 
the inner Galaxy. 

Our subsample of 42 stars with kinematics of thick disk and 
solar g-to-Fe rati os seems to be similar to a sample identified by 
iHavwoodl (l2008h : his identified subsample, shown as diamonds 
in his Fig. 12, has kinematics of thick disk, [a/Fe] < +0.1, and 
they are old with ag es in the range 8- 12 Gyr, ages characteristic 
of an old thin disk. IHavwoodl ( 12008b assigns a status of transi- 
tion objects between the two disks, but closer to an old thin disk. 
Despite the higher metallicity of our 42 such stars, they seem 
otherwise to be identical. It therefore seems that this subsam- 
ple should be an inner disk, closer to the Galactic centre than 
Haywood's subsample, an old thin disk component. 

Indeed, radial migration from the inner disk (or bulge?) is 
the most probable origin of these stars. A need for more sub- 
stantial radial mixing as first discussed i n Wielen et al. (1996), 
was shown bv lSellwood & BinnevI (|2002|) to be pos sible through 
the passage of recurrent trans ient spiral patterns. iLepine et al.l 
(12003 ) and Roskar et an (l201ll) present calculations demonstrat- 
ing that resonant scattering with spiral arms trigger efficient mi- 
gration of stars from regions at R~4-5 kpc into the solar system 




* *^ * /ft % 





U (km s"') 





W(kms"') 



Fig. 23: UVW vs. \a/Fe]. The black circles s how the present 
sample. Dat a fromlReddv et all (2 003, 200l); iMishenina et al.l 
(12004 120081) : IBensbv et al.l (l2004 are shown as red stars (thiclc 
disk), open green circles (thin disk), and blue triangles (interme- 
diate population). 



region. Roskar et al. (2011) conclude that 50% of stars in the 
solar neighbourhood have come from R < 6kpc. 

Radial migration of stars could be c aused by spiral and/or bar 
ressonance. lMinchev & Famaevl ( l2010h studied the combined ef- 
fect of a central bar and spiral structure on the dynamics of a 
galactic disk, and they find that the spiral-bar ressonance overlap 
induces a nonlinear response leading to a strong redistribution of 
angular momentum in the disk. They show that a large popula- 
tion of stars from the bar's corotation resonance (r ~ 4.5 kpc) 
enters the solar circle (their Fig. 6). 



8. Summary and conclusions 

In the present work, we analysed 71 metal -rich dwarf and turn- 
off stars, most of them old, select ed from the high pro per motion 
NLTT catalogue, as described in lRaboud et al.l (Il998l) (see Sect. 
|2]i. The aim of this work is to better understand these stellar pop- 
ulations, as well as to verify their high metallicities. 

To be confident about the high-metallicity values, we 
compared the calculations car ried out wit h two codes, from 
the Meudon (ABON 2 code. ISpitd Il967l) a nd the Uppsala 



(BSYN/EQWl code, 'Edvardsso n et al.lll993l) groups, and the 



results are similar within [Fe/HJ±0.02. The metallicities derived 
are in the range -0.10 < [Fel/H] < +0.58 from Fel, and -0.18 < 
[Fell/H] < +0.56 from Fe 11. 

The present sample was studied by means of their kinemat- 
ics and abundances. Our sample of 71 metal-rich stars can be 
kinematically subclassified in samples of thick disk, thin disk, 
and intermediate stellar populations, with mean ages of about 
7.8 ± 3.5, 7.5 + 3.1, and 6.8 + 2.9 Gyr, respectively. It seems def- 
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Fig. 22: Left: UV plane. Right: Toomre diagram. In both panels, the present sample is indicated by bl ack circles. The blue ope n 
circles and red stars are the thin a nd thick disk s, respectively. The stars shown are the samples from iReddv et alJ (I2003L l2006h . 
[Mishen ina et al. ( 2 004, 20081). and iBensbv et al.. (.2004.) . The velocities and population fractions used (Eqs. [1] and |2l) were taken 
from iSoubiran et alJ (l2003h . 
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Fig. 24: Ages vs. [Fe/H] (top) and [a/Fe] bottom. The solid lines 
indicate the median value of [Fe/H] and [ff/Fe] in bins of 2 Gyr. 
Small symbols represent stars with age errors greater than 30%. 



Fig. 25: Ages vs. [Fe/H] {top) and [a/Fe] bottom. Stars belonging 
to thin disk, thick disk, and intermediate populations are indi- 
cated as green circles, red stars, and blue triangles, respectively. 
Small symbols represent stars with age errors greater than 30%. 



initely clear that some of the sample stars are quite old, and still 
quite metal rich. A most interesting feature of the sample stars 
is that 42 of them can be identified as belonging to the thick 
disk. In particular, 70% of the sample stars have space velocity 
V < -50 km s which is more typical of a thick disk, but show 



solar ff-to-iron ratios that are more compatible with thin disk 
members. This subsample appears similar to one identified by 
iHavwoodl (120081) . having kinematics of thick disk, tog ether with 
[a/Fe] < +0.1, and old ages in the range 8-12 Gvr: IHavwoodl 
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Fig. 26: Abundances of O, Ni, Mg, Ca, Si, and Ti v ^. [Fe/H], Sample stars from thick disk a r e indi cated as black dots, blue diamonds, 
green crosses , and r ed squares are bulge stars from lLecureur et al] ( l2007h . lMelendez et al.l ( |2008|) . and bulge microlensed dwarfs by 
iBensbv et al.l (l201lh . respectively. 



(l2008h interprets these stars as old thin disk, or transition ob- 
jects between the two disks, but as closer to an old thin disk. 
Our subsample has higher metallicities than Haywood's subsam- 
ple and could have an origin closer to the Galactic centre than 
Haywood's old thin disk/transition component. 

The presence of very metal-rich stars in the solar neigh- 
bourhood, at a relatively low rotational velocity give evi- 
dence of radial migration in the Galaxy, induced by the bar 
' or inte r action of bar and spir a l arms, such as proposed b y 
(Il997h. iRaboud et alJ (Il998h . ISellwood & BinnevI (l2002h 



Lepine et al 



■ j2003h. iHavw ood' hooA 'Minchev & Famaeyl 
( 120101) . (ISchonrich & Biriiie v 2009a b), or Brunetti et al. (2010). 

Finally, we can conclude that the sample stars, all metal-rich, 
should be old thin stars from the inner disk, as suggested by 
Haywood (2008), including the 42 ones identified to have kine- 
matics of the thick disk, and [Q'/Fe]< +0.1. On the other hand, it 
is natural that the very metal-rich stars have low ff-to-iron ratios, 
as discussed in Roskar et al. (201 1), i.e. all stars with [Fe/H] > 
show such low a-to-iron. In other words, the decreasing trend of 



[a-elements/Fe] with increasing metallicity means that the SNla 
enrichment in iron occurs at the same pace for our sample, thick 
disk, and bulge stars. Therefore, for identifying bulge s tars and 
thick disk as a same population, as suggested by Bens bv et al.l 
( 1201 Ih . this cannot be inferred from the present results. 
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Fig. 27: Mean Galactocentric distance vs. [Fe/H] (top) [a/Fe] Fig. 28: Mean Galactocentric distance vs. [Fe/H] (top) [afPe] 

(bottom). Stars belonging to thin disk, thick disk, and intermedi- (bottom) for the GCS stars. Symbols are the same as Fig. |22] 
ate populations are indicated as green circles, red stars, and blue 
triangles, respectively. 
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Table 12: Kinematical data 
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0.01 


95 


5 


HD 26794 


71 


13 


3 


56.49 


± 


0.17 


7.39 


± 


0.41 


11.14 


± 


0.67 


0.06 


± 


0.03 


0.20 


± 


0.01 


95 


5 


HD 35854 


5 


-31 


4 


23.05 


± 


0.23 


6.18 


± 


0.38 


8.55 


± 


0.51 


0.04 


± 


0.02 


0.16 


± 


0.01 


92 


8 


HD 77338 


-39 


-27 


-25 


8.47 


± 


0.11 


6.05 


± 


0.37 


9.25 


± 


0.56 


0.46 


± 


0.06 


0.21 


± 


0.01 


84 


16 


HD 82943 


-10 


-20 


-9 


8.25 


± 


0.13 


6.71 


± 


0.41 


8.64 


± 


0.50 


0.19 


± 


0.04 


0.13 


± 


0.01 


95 


5 


HD 86249 


12 


8 


-24 


-7.84 


± 


0.09 


8.51 


± 


0.49 


8.99 


± 


0.58 


0.43 


± 


0.06 


0.03 


± 


0.01 


96 


4 


HD 93800 


49 


-8 


-13 


3.81 


± 


0.11 


7.13 


± 


0.42 


9.33 


± 


0.55 


0.26 


± 


0.04 


0.13 


± 


0.01 


94 


6 


HD 177374 


-91 


-15 


-20 


79.97 


± 


0.14 


5.78 


± 


0.34 


11.40 


± 


0.72 


0.42 


± 


0.05 


0.33 


± 


0.01 


82 


18 


HD 181433 


-56 


-1 


8 


60.69 


± 


0.17 


6.79 


± 


0.38 


10.47 


± 


0.63 


0.03 


± 


0.02 


0.21 


± 


0.01 


97 


3 


HD 224230 


-78 


-16 


-6 


59.61 


± 


0.06 


5.88 


± 


0.35 


10.80 


± 


0.67 


0.18 


± 


0.04 


0.29 


± 


0.01 


92 


8 
















Thick disk 
























G 161-029 


-149 


-89 


40 


23.00 


± 


0.16 





























97 


BD-02 180 


-1 


-82 


-46 


16.32 


± 


0.19 


3.82 


± 


0.22 


8.56 


± 


0.48 


0.92 


± 


0.11 


0.38 


± 


0.01 





99 


BD-05 5798 


15 


-54 


-53 


6.51 


± 


0.10 


5.14 


± 


0.30 


8.49 


± 


0.47 


1.10 


± 


0.13 


0.25 


± 


0.01 


4 


96 


BD- 17 6035 


35 


-83 


11 


-65.48 


± 


0.08 


3.62 


± 


0.22 


8.55 


± 


0.51 


0.06 


± 


0.02 


0.40 


± 


0.01 


1 


99 


CD-32 0327 


52 


-69 


-10 


14.50 


± 


0.10 


4.17 


± 


0.25 


8.79 


± 


0.54 


0.22 


± 


0.04 


0.36 


± 


0.01 


5 


95 


CD-40 15036 


88 


-80 


-9 


-12.58 


± 


0.06 


3.58 


± 


0.22 


9.36 


± 


0.57 


0.23 


± 


0.04 


0.45 


± 


0.01 





99 


HD 9424 


57 


-96 


-1 


43.61 


± 


0.18 


3.09 


± 


0.17 


8.75 


± 


0.50 


0.11 


± 


0.03 


0.48 


± 


0.01 





99 


HD 10576 


56 


-93 


-19 


54.86 


± 


0.06 


3.23 


± 


0.20 


8.73 


± 


0.51 


0.33 


± 


0.05 


0.46 


± 


0.01 





99 


HD 13386 


17 


-68 


-13 


32.39 


± 


0.10 


4.33 


± 


0.24 


8.57 


± 


0.49 


0.25 


± 


0.04 


0.33 


± 


0.01 


10 


90 


HD 15133 


45 


-75 


-8 


38.43 


± 


0.13 


3.96 


± 


0.23 


8.72 


± 


0.50 


0.19 


± 


0.03 


0.38 


± 


0.01 


3 


97 


HD 15555 


74 


-56 





36.18 


± 


0.12 


4.61 


± 


0.25 


9.30 


± 


0.51 


0.10 


± 


0.03 


0.34 


± 


0.01 


18 


82 


HD 16905 


-31 


-59 


-31 


64.77 


± 


0.14 


4.66 


± 


0.28 


8.82 


± 


0.51 


0.58 


± 


0.07 


0.31 


± 


0.01 


13 


87 


HD 25061 


88 


-51 


-7 


47.55 


± 


0.13 


4.71 


± 


0.27 


9.64 


± 


0.59 


0.19 


± 


0.04 


0.34 


± 


0.01 


17 


83 


HD 27894 


63 


-73 


-41 


82.85 


± 


0.14 


4.05 


± 


0.25 


8.94 


± 


0.54 


0.82 


± 


0.10 


0.38 


± 


0.01 





99 


HD 31827 


-17 


-69 


9 


44.75 


± 


0.28 


4.21 


± 


0.25 


8.63 


± 


0.53 


0.04 


± 


0.01 


0.34 


± 


0.01 


13 


86 


HD 39213 


10 


-70 


27 


49.57 


± 


0.09 


4.23 


± 


0.25 


8.51 


± 


0.50 


0.25 


± 


0.04 


0.34 


± 


0.01 


8 


92 


HD 81767 


50 


-77 


-2 


81.81 


± 


0.14 


3.85 


± 


0.22 


8.74 


± 


0.49 


0.11 


± 


0.03 


0.39 


± 


0.01 


2 


98 


HD 90054 


5 


-99 


-17 


48.93 


± 


0.36 


3.06 


± 


0.19 


8.52 


± 


0.50 


0.31 


± 


0.05 


0.47 


± 


0.01 





99 


HD 94374 


38 


-108 


-16 


75.05 


± 


0.17 


2.71 


± 


0.17 


8.59 


± 


0.51 


0.29 


± 


0.05 


0.52 


± 


0.01 





99 


HD 95338 


24 


-111 


-44 


97.05 


± 


0.08 


2.68 


± 


0.17 


8.55 


± 


0.50 


0.88 


± 


0.08 


0.52 


± 


0.01 





98 


HD 104212 


30 


-96 


-32 


66.04 


± 


0.12 


3.18 


± 


0.19 


8.51 


± 


0.49 


0.60 


± 


0.07 


0.46 


± 


0.01 





99 


HD 107509 


33 


-100 


-24 


70.43 


± 


0.13 


3.01 


± 


0.18 


8.56 


± 


0.51 


0.44 


± 


0.06 


0.48 


± 


0.01 





99 


HD 120329 


71 


-103 


-78 


24.85 


± 


0.05 


3.04 


± 


0.19 


8.95 


± 


0.53 


2.02 


± 


0.19 


0.49 


± 


0.01 





92 


HD 143102 


53 


-92 


-20 


7.95 


± 


0.02 


3.26 


± 


0.21 


8.68 


± 


0.53 


0.34 


± 


0.06 


0.45 


± 


0.01 





99 


HD 148530 


-81 


-80 


-34 


25.77 


± 


0.22 


3.56 


± 


0.20 


9.71 


± 


0.56 


0.68 


± 


0.09 


0.46 


± 


0.01 





99 


HD 149256 


-7 


-98 


-48 


25.42 


± 


0.08 


3.13 


± 


0.20 


8.46 


± 


0.50 


0.95 


± 


0.12 


0.46 


± 


0.01 





99 


HD 149606 


28 


-77 


4 


-2.27 


± 


0.22 


3.88 


± 


0.23 


8.53 


± 


0.50 


0.04 


± 


0.02 


0.37 


± 


0.01 


3 


97 


HD 149933 


22 


-63 


-9 


-13.95 


± 


0.06 


4.50 


± 


0.25 


8.49 


± 


0.47 


0.20 


± 


0.03 


0.31 


± 


0.01 


19 


81 


HD 165920 


-66 


-49 


-42 


61.25 


± 


0.12 


4.86 


± 


0.31 


9.64 


± 


0.60 


0.87 


± 


0.11 


0.33 


± 


0.01 


11 


89 


HD 168714 


60 


-74 


17 


-9.76 


± 


0.26 


3.91 


± 


0.22 


8.82 


± 


0.51 


0.12 


± 


0.03 


0.39 


± 


0.01 


2 


97 


HD 171999 


13 


-87 


-11 


-46.32 


± 


0.28 


3.49 


± 


0.21 


8.49 


± 


0.49 


0.22 


± 


0.04 


0.42 


± 


0.01 


1 


99 


HD 179764 


21 


-106 


6 


-66.04 


± 


0.17 


2.76 


± 


0.17 


8.46 


± 


0.49 


0.03 


± 


0.02 


0.51 


± 


0.01 





99 


HD 180865 


27 


-72 


-14 


18.41 


± 


0.15 


4.11 


± 


0.23 


8.52 


± 


0.49 


0.26 


± 


0.04 


0.35 


± 


0.01 


5 


95 


HD 181234 


5 


-92 


2 


-46.33 


± 


0.14 


3.28 


± 


0.20 


8.44 


± 


0.51 


0.06 


± 


0.02 


0.44 


± 


0.01 





99 


HD 196397 


-1 


-69 


16 


-16.94 


± 


0.07 


4.24 


± 


0.24 


8.50 


± 


0.50 


0.11 


± 


0.03 


0.33 


± 


0.01 


13 


87 


HD 201237 


-86 


-79 


-1 


30.57 


± 


0.34 


3.51 


± 


0.21 


9.74 


± 


0.60 


0.13 


± 


0.03 


0.47 


± 


0.01 


1 


99 


HD 209721 


14 


-76 


31 


7.53 


± 


0.11 


3.93 


± 


0.23 


8.43 


± 


0.50 


0.30 


± 


0.04 


0.36 


± 


0.01 


3 


97 


HD 211706 


80 


-106 


-13 


-62.79 


± 


0.06 


2.68 


± 


0.16 


9.08 


± 


0.53 


0.27 


± 


0.04 


0.54 


± 


0.01 





98 


HD 218566 


77 


-61 


-8 


-37.21 


± 


0.25 


4.37 


± 


0.25 


9.28 


± 


0.54 


0.19 


± 


0.04 


0.36 


± 


0.01 


8 


92 


HD 218750 


-25 


-74 


13 


17.13 


± 


0.10 


3.98 


± 


0.23 


8.69 


± 


0.51 


0.08 


± 


0.02 


0.37 


± 


0.01 


6 


94 


HD 221313 


5 


-65 


-47 


41.60 


± 


0.21 


4.56 


± 


0.30 


8.48 


± 


0.53 


0.94 


± 


0.12 


0.30 


± 


0.01 


2 


98 


HD 221974 


95 


-48 


-3 


-25.65 


± 


0.17 


4.74 


± 


0.29 


9.91 


± 


0.62 


0.14 


± 


0.03 


0.35 


± 


0.01 


19 


81 


HD 224383 


74 


-84 


-1 


-30.47 


± 


0.10 


3.46 


± 


0.20 


9.03 


± 


0.54 


0.11 


± 


0.03 


0.45 


± 


0.01 





99 
















Intennediate sample 






















HD 8389 


45 


-28 


-25 


35.87 


± 


0.08 


6.19 


± 


0.34 


8.90 


± 


0.51 


0.45 


± 


0.06 


0.18 


± 


0.01 


76 


24 


HD9174 


-22 


-56 


-29 


24.51 


± 


0.05 


4.85 


± 


0.31 


8.71 


± 


0.54 


0.54 


± 


0.07 


0.28 


± 


0.01 


21 


78 


HD 12789 


74 


-35 


-12 


26.83 


± 


0.20 


5.52 


± 


0.34 


9.50 


± 


0.61 


0.27 


± 


0.04 


0.26 


± 


0.01 


60 


40 


HD 30295 


65 


-30 


-39 


46.49 


± 


0.11 


5.93 


± 


0.34 


9.35 


± 


0.55 


0.77 


± 


0.09 


0.22 


± 


0.01 


37 


63 


HD 31452 


-6 


-62 


-10 


14.69 


± 


0.03 


4.57 


± 


0.27 


8.58 


± 


0.48 


0.21 


± 


0.04 


0.31 


± 


0.01 


25 


75 


HD 37986 


28 


-59 


1 


59.45 


± 


0.28 


4.70 


± 


0.28 


8.60 


± 


0.51 


0.07 


± 


0.03 


0.29 


± 


0.01 


32 


68 


HD 39715 


-74 


-50 


-21 


-33.66 


± 


0.17 


4.71 


± 


0.29 


9.89 


± 


0.62 


0.41 


± 


0.06 


0.35 


± 


0.01 


29 


71 


HD 43848 


53 


-58 


1 


44.92 


± 


0.12 


4.66 


± 


0.27 


8.85 


± 


0.52 


0.07 


± 


0.03 


0.31 


± 


0.01 


24 


76 


HD 86065 


69 


-44 


2 


55.30 


± 


0.12 


5.18 


± 


0.29 


9.27 


± 


0.52 


0.07 


± 


0.03 


0.28 


± 


0.01 


51 


49 


HD 87007 


40 


-47 


-13 


30.30 


± 


0.09 


5.22 


± 


0.30 


8.66 


± 


0.50 


0.25 


± 


0.04 


0.25 


± 


0.01 


53 


47 


HD 91585 


100 


-41 


5 


44.48 


± 


0.12 


5.00 


± 


0.29 


10.20 


± 


0.63 


0.04 


± 


0.02 


0.34 


± 


0.01 


30 


70 


HD 91669 


-76 


-18 


-28 


-12.40 


± 


0.12 


5.88 


± 


0.34 


10.81 


± 


0.67 


0.57 


± 


0.08 


0.29 


± 


0.01 


79 


21 


HD 182572 


116 


-31 


-19 


-99.86 


± 


0.09 


5.15 


± 


0.30 


11.08 


± 


0.69 


0.38 


± 


0.04 


0.37 


± 


0.01 


21 


79 


HD 196794 


57 


-37 


-14 


-52.78 


± 


0.07 


5.58 


± 


0.33 


9.06 


± 


0.54 


0.28 


± 


0.04 


0.24 


± 


0.01 


66 


34 


HD 197921 


64 


-42 


3 


-38.57 


± 


0.13 


5.29 


± 


0.31 


9.16 


± 


0.55 


0.06 


± 


0.02 


0.27 


± 


0.01 


60 


40 


HD 213996 


-90 


-38 


5 


-17.99 


± 


0.12 


4.99 


± 


0.28 


10.62 


± 


0.63 


0.05 


± 


0.02 


0.36 


± 


0.01 


65 


35 


HD 214463 


10 


-56 


-17 


3.26 


± 


0.25 


4.87 


± 


0.29 


8.49 


± 


0.50 


0.31 


± 


0.04 


0.27 


± 


0.01 


34 


66 



M. Trevisan et al.: Metal Rich Stars in the Solar Neighbourhood 
Table 13: Photometric and adopted spectroscopic stellar parameters 



Star 




logg 


f 


[FeI/H]G„, 


[Fel/H] 


[Fe II/H] 


Mass 


Age 




K 


dex 


kms-' 


dex 


dex 


dex 


(Me) 


(Gyr) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(V) 







Thin disk 



HD 1 1608 


4966 


± 


47 


4.57 


± 


0.06 


0.30 


± 


0.31 


0.60 


0.39 


± 


0.05 


0.42 


± 


0.13 


0.88 


± 


0.06 


5.6 ±2.9 


HD 26151 


5383 


± 


47 


4.41 


± 


0.05 


0.67 


± 


0.03 


0.42 


0.33 


± 


0.05 


0.34 


± 


0.08 


0.97 


± 


0.07 


8.2 ± 2.4 


HD 26794 


4920 


± 


52 


4.49 


± 


0.06 


0.30 


± 


0.12 


0.30 


0.07 


± 


0.04 


0.10 


± 


0.12 


0.78 


± 


0.05 


11.8 ± 2.2 


HD 35854 


4901 


± 


37 


4.57 


± 


0.03 


0.30 


± 


0.09 


0.33 


-0.04 


± 


0.03 


-0.00 


± 


0.12 


0.76 


± 


0.05 


9.0 ±0.8 


HD 77338 


5346 


± 


42 


4.55 


± 


0.05 


0.44 


± 


0.08 


0.43 


0.41 


± 


0.05 


0.49 


± 


0.08 


0.98 


± 


0.07 


2.0 ± 1.2 


HD 82943 


5929 


± 


45 


4.35 


± 


0.04 


1.22 


± 


0.03 


0.34 


0.23 


± 


0.05 


0.26 


± 


0.07 


1.14 


± 


0.08 


3.0 ±0.7 


HD 86249 


4957 


± 


42 


4.59 


± 


0.05 


0.30 


± 


0.11 


0.32 


0.12 


± 


0.04 


0.20 


± 


0.10 


0.82 


± 


0.06 


7.3 ±2.1 


HD 93800 


5181 


± 


43 


4.44 


± 


0.07 


0.30 


± 


0.09 


0.43 


0.49 


± 


0.04 


0.57 


± 


0.09 


0.92 


± 


0.07 


8.8 ±3.5 


HD 177374 


5044 


± 


45 


4.38 


± 


0.08 


0.30 


± 


0.10 


0.40 


-0.08 


± 


0.04 


0.12 


± 


0.10 


0.79 


± 


0.05 


13.7 ± 1.0 


HD 181433 


4902 


± 


41 


4.57 


± 


0.04 


0.30 


± 


0.21 


0.65 


0.41 


± 


0.04 


0.52 


± 


0.12 


0.86 


± 


0.06 


6.7 ± 1.8 


HD 224230 


4873 


± 


54 


4.58 


± 


0.06 


0.30 


± 


0.17 


0.34 


-0.08 


± 


0.04 


0.11 


± 


0.13 


0.75 


± 


0.05 


9.4 ± 2.4 






















Thick disk 






















G 161-029 


4798 


± 


34 


4.60 


'±0.04 


0.30 


± 


0.63 


0.42 


0.01 


± 


0.09 


0.12 


± 


0.13 










BD-02 180 


5004 


± 


57 


4.46 


± 


0.10 


0.30 


± 


0.17 


0.45 


0.33 


± 


0.04 


0.45 


± 


0.08 


0.86 


± 


0.06 


10.3 ± 4.0 


BD4)5 5798 


4902 


± 


65 


4.44 


± 


0.13 


0.64 


± 


0.05 


0.57 


0.20 


± 


0.05 


0.27 


± 


0.13 


0.82 


± 


0.06 


11.4 ±3.7 


BD-17 6035 


4892 


± 


73 


4.43 


± 


0.15 


0.85 


± 


0.03 


0.60 


0.09 


± 


0.05 


0.17 


± 


0.14 


0.79 


± 


0.06 


11.5 ±3.2 


CD-32 0327 


4957 


± 


66 


4.52 


± 


0.11 


0.34 


± 


0.06 


0.49 


-0.01 


± 


0.06 


0.19 


± 


0.10 


0.79 


± 


0.05 


10.3 ± 3.5 


CD-40 15036 


5429 


± 


66 


4.41 


± 


0.14 


0.58 


± 


0.04 


0.07 


-0.03 


± 


0.07 


-0.03 


± 


0.09 


0.89 


± 


0.07 


9.8 ±4.6 


HD 9424 


5449 


± 


48 


4.48 


± 


0.06 


0.66 


± 


0.03 


0.12 


0.12 


± 


0.06 


0.10 


± 


0.08 


0.95 


± 


0.07 


6.1 ± 3.2 


HD 10576 


5929 


± 


67 


4.14 


± 


0.06 


1.36 


± 


0.06 


0.11 


0.02 


± 


0.07 


0.02 


± 


0.08 


1.12 


± 


0.08 


5.8 ±0.9 


HD 13386 


5269 


± 


43 


4.54 


± 


0.05 


0.46 


± 


0.04 


0.35 


0.36 


± 


0.05 


0.34 


± 


0.09 


0.96 


± 


0.07 


3.6 ±2.4 


HD 15133 


5223 


± 


46 


4.47 


± 


0.08 


0.30 


± 


0.05 


0.52 


0.46 


± 


0.04 


0.51 


± 


0.09 


0.94 


± 


0.07 


6.9 ± 3.7 


HD 15555 


4867 


± 


40 


3.69 


± 


0.06 


1.04 


± 


0.03 


0.32 


0.37 


± 


0.05 


0.38 


± 


0.11 


1.22 


± 


0.10 


6.3 ± 0.9 


HD 16905 


4866 


± 


42 


4.58 


± 


0.05 


0.30 


± 


0.14 


0.53 


0.27 


± 


0.04 


0.44 


± 


0.12 


0.83 


± 


0.06 


7.4 ± 1.8 


HD 25061 


5307 


± 


49 


4.49 


± 


0.05 


0.77 


± 


0.03 


0.40 


0.18 


± 


0.05 


0.19 


± 


0.09 


0.92 


± 


0.06 


6.7 ±3.3 


HD 27894 


4920 


± 


45 


4.54 


± 


0.05 


0.30 


± 


0.12 


0.50 


0.37 


± 


0.04 


0.51 


± 


0.10 


0.86 


± 


0.06 


7.7 ±2.3 


HD 31827 


5608 


± 


49 


4.35 


± 


0.04 


0.82 


± 


0.03 


0.40 


0.48 


± 


0.05 


0.49 


± 


0.08 


1.08 


± 


0.07 


4.8 ±0.9 


HD 39213 


5473 


± 


48 


4.38 


± 


0.06 


0.74 


± 


0.04 


0.39 


0.45 


± 


0.06 


0.44 


± 


0.08 


1.02 


± 


0.07 


6.3 ±2.0 


HD 81767 


4966 


± 


52 


4.49 


± 


0.07 


0.30 


± 


0.11 


0.49 


0.22 


± 


0.05 


0.25 


± 


0.13 


0.83 


± 


0.05 


10.4 ± 3.0 


HD 90054 


6047 


± 


52 


4.18 


± 


0.06 


1.52 


± 


0.05 


0.39 


0.29 


± 


0.06 


0.33 


± 


0.07 


1.28 


± 


0.08 


3.2 ± 0.4 


HD 94374 


5000 


± 


38 


4.63 


± 


0.05 


0.30 


± 


0.08 


0.28 


-0.10 


± 


0.03 


-0.18 


± 


0.13 


0.79 


± 


0.05 


4.8 ±2.4 


HD 95338 


5175 


± 


42 


4.52 


± 


0.04 


0.43 


± 


0.05 


0.34 


0.21 


± 


0.04 


0.22 


± 


0.09 


0.90 


± 


0.06 


6.3 ±2.6 


HD 104212 


5833 


± 


53 


4.07 


± 


0.09 


1.21 


± 


0.03 


0.09 


0.13 


± 


0.06 


0.07 


± 


0.07 


1.14 


± 


0.08 


5.9 ±0.8 


HD 107509 


6102 


± 


60 


4.18 


± 


0.06 


1.80 


± 


0.06 


0.08 


0.03 


± 


0.06 


-0.06 


± 


0.08 


1.21 


± 


0.09 


3.9 ±0.5 


HD 120329 


5617 


± 


48 


4.14 


± 


0.07 


1.22 


± 


0.02 


0.27 


0.31 


± 


0.06 


0.39 


± 


0.07 


1.11 


± 


0.08 


7.3 ± 1.0 


HD 143102 


5547 


± 


48 


3.94 


± 


0.07 


1.13 


± 


0.03 


0.01 


0.16 


± 


0.06 


0.21 


± 


0.08 


1.16 


± 


0.08 


6.8 ± 1.0 


HD 148530 


5392 


± 


53 


4.49 


± 


0.06 


0.72 


± 


0.04 


0.11 


0.03 


± 


0.06 


0.02 


± 


0.09 


0.90 


± 


0.08 


7.1 ± 3.6 


HD 149256 


5406 


± 


47 


4.01 


± 


0.08 


1.15 


± 


0.02 


0.27 


0.34 


± 


0.06 


0.38 


± 


0.08 


1.08 


± 


0.08 


8.9 ± 1.5 


HD 149606 


4976 


± 


50 


4.63 


± 


0.05 


0.30 


± 


0.08 


0.35 


0.20 


± 


0.05 


0.41 


± 


0.11 


0.85 


± 


0.10 


4.1 ±2.6 


HD 149933 


5486 


± 


49 


4.44 


± 


0.05 


1.11 


± 


0.02 


0.31 


0.13 


± 


0.06 


0.17 


± 


0.08 


0.95 


± 


0.06 


7.2 ±2.9 


HD 165920 


5336 


± 


44 


4.47 


± 


0.04 


0.64 


± 


0.03 


0.40 


0.36 


± 


0.05 


0.40 


± 


0.08 


0.97 


± 


0.07 


5.2 ± 2.5 


HD 168714 


5686 


± 


48 


4.30 


± 


0.11 


0.79 


± 


0.03 


0.47 


0.48 


± 


0.06 


0.47 


± 


0.08 


1.12 


± 


0.07 


4.0 ± 1.1 


HD 171999 


5304 


± 


45 


4.49 


± 


0.05 


0.58 


± 


0.03 


0.33 


0.29 


± 


0.05 


0.35 


± 


0.08 


0.96 


± 


0.09 


6.0 ± 2.8 


HD 179764 


5323 


± 


48 


4.28 


± 


0.08 


0.92 


± 


0.04 


0.16 


-0.05 


± 


0.05 


0.03 


± 


0.09 


0.85 


± 


0.06 


14.6 ± 0.6 


HD 180865 


5218 


± 


44 


4.53 


± 


0.06 


0.48 


± 


0.06 


0.31 


0.21 


± 


0.05 


0.27 


± 


0.09 


0.91 


± 


0.06 


5.9 ± 3.1 


HD 181234 


5311 


± 


45 


4.37 


± 


0.06 


0.30 


± 


0.07 


0.30 


0.45 


± 


0.04 


0.52 


± 


0.09 


0.96 


± 


0.06 


9.4 ± 2.2 


HD 196397 


5404 


± 


54 


4.49 


± 


0.08 


0.55 


± 


0.07 


0.36 


0.38 


± 


0.06 


0.43 


± 


0.09 


0.99 


± 


0.07 


3.7 ±2.8 


HD 201237 


4829 


± 


82 


4.14 


± 


0.16 


0.50 


± 


0.05 


0.50 


0.00 


± 


0.04 


-0.06 


± 


0.18 


0.77 


± 


0.05 


13.8 ±0.9 


HD 209721 


5503 


± 


51 


4.30 


± 


0.10 


1.05 


± 


0.03 


0.35 


0.28 


± 


0.05 


0.23 


± 


0.08 


1.00 


± 


0.08 


8.8 ± 2.1 


HD 211706 


6017 


± 


69 


4.33 


± 


0.11 


1.44 


± 


0.08 


0.09 


0.09 


± 


0.07 


0.07 


± 


0.08 


1.14 


± 


0.08 


3.0 ± 1.5 


HD 218566 


4849 


± 


42 


4.48 


± 


0.04 


0.30 


± 


0.68 


0.46 


0.28 


± 


0.14 


0.43 


± 


0.22 


0.81 


± 


0.06 


11.5 ± 1.9 


HD 218750 


5134 


± 


49 


4.41 


± 


0.08 


0.37 


± 


0.08 


0.31 


0.17 


± 


0.05 


0.23 


± 


0.09 


0.85 


± 


0.06 


12.8 ± 2.4 


HD 221313 


5153 


± 


55 


4.36 


± 


0.13 


0.62 


± 


0.04 


0.50 


0.31 


± 


0.05 


0.34 


± 


0.10 


0.90 


± 


0.06 


12.0 ± 3.6 


HD 221974 


5213 


± 


52 


4.60 


± 


0.07 


0.30 


± 


0.11 


0.49 


0.46 


± 


0.05 


0.56 


± 


0.11 


0.95 


± 


0.07 


2.2 ± 1.8 


HD 224383 


5760 


± 


53 


4.28 


± 


0.06 


1.16 


± 


0.09 


0.00 


-0.10 


± 


0.06 


-0.15 


± 


0.08 


0.98 


± 


0.07 


9.0 ± 1.3 




















Intermediate population 




















HD 8389 


5274 


± 


42 


4.47 


± 


0.04 


0.33 


± 


0.12 


0.47 


0.58 


± 


0.04 


0.58 


± 


0.08 


0.96 


± 


0.07 


5.4 ± 1.8 


HD 9174 


5599 


± 


55 


4.15 


± 


0.08 


0.95 


± 


0.02 


0.36 


0.41 


± 


0.07 


0.35 


± 


0.08 


1.13 


± 


0.08 


6.7 ± 1.0 


HD 12789 


5810 


± 


47 


4.21 


± 


0.09 


1.15 


± 


0.03 


0.31 


0.27 


± 


0.06 


0.36 


± 


0.07 


1.17 


± 


0.08 


4.9 ± 0.9 


HD 30295 


5406 


± 


45 


4.36 


± 


0.05 


0.72 


± 


0.03 


0.41 


0.32 


± 


0.05 


0.33 


± 


0.08 


0.97 


± 


0.07 


9.1 ± 1.8 


HD 31452 


5250 


± 


45 


4.44 


± 


0.05 


0.61 


± 


0.05 


0.30 


0.23 


± 


0.05 


0.19 


± 


0.09 


0.90 


± 


0.06 


10.0 ±3.1 


HD 37986 


5503 


± 


44 


4.47 


± 


0.04 


0.95 


± 


0.02 


0.47 


0.30 


± 


0.05 


0.33 


± 


0.08 


1.02 


± 


0.07 


4.0 ± 1.6 


HD 39715 


4741 


± 


63 


4.57 


± 


0.04 


0.30 


± 


0.15 


0.33 


-0.10 


± 


0.03 


0.07 


± 


0.15 


0.72 


± 


0.05 


9.6 ± 1.6 


HD 43848 


5161 


± 


41 


4.54 


± 


0.04 


0.30 


± 


0.08 


0.52 


0.43 


± 


0.04 


0.46 


± 


0.09 


0.94 


± 


0.06 


3.7 ± 1.7 


HD 86065 


4938 


± 


48 


4.62 


± 


0.05 


0.30 


± 


0.10 


0.36 


0.09 


± 


0.04 


0.21 


± 


0.12 


0.82 


± 


0.06 


6.0 ± 2.6 


HD 87007 


5282 


± 


59 


4.54 


± 


0.06 


0.61 


± 


0.04 


0.44 


0.29 


± 


0.06 


0.45 


± 


0.09 


0.95 


± 


0.06 


4.0 ± 2.9 


HD 91585 


5144 


± 


50 


4.55 


± 


0.07 


0.48 


± 


0.07 


0.30 


0.25 


± 


0.05 


0.33 


± 


0.10 


0.91 


± 


0.09 


5.4 ±3.5 


HD 91669 


5278 


± 


57 


4.34 


± 


0.11 


0.64 


± 


0.04 


0.42 


0.44 


± 


0.05 


0.45 


± 


0.09 


0.95 


± 


0.06 


10.1 ±3.4 


HD 182572 


5700 


± 


32 


4.18 


± 


0.03 


1.00 


± 


0.02 


0.31 


0.48 


± 


0.04 


0.39 


± 


0.07 


1.16 


± 


0.07 


4.5 ±0.2 


HD 196794 


5094 


± 


44 


4.64 


± 


0.04 


0.30 


± 


0.05 


0.33 


0.06 


± 


0.05 


0.16 


± 


0.09 


0.84 


± 


0.06 


3.7 ±2.0 


HD 197921 


4866 


± 


45 


4.48 


± 


0.06 


0.30 


± 


0.15 


0.39 


0.22 


± 


0.04 


0.33 


± 


0.10 


0.80 


± 


0.05 


11.3 ±2.4 


HD 213996 


5314 


± 


53 


4.49 


± 


0.05 


0.75 


± 


0.04 


0.43 


0.33 


± 


0.05 


0.35 


± 


0.10 


0.96 


± 


0.09 


5.1 ±3.0 


HD 214463 


5122 


± 


47 


4.40 


± 


0.11 


0.80 


± 


0.04 


0.33 


0.34 


± 


0.05 


0.30 


± 


0.09 


0.90 


± 


0.06 


11.8 ± 3.7 



Notes. Spectroscopic gravity. Other loggs were derived using HIPPARCOS parallaxes. 



M. Trevisan et al.: Metal Rich Stars in the Solar Neighbourhood 
Table 14: Final abundances 



Star [C/H] [C/Fe] [Ni/H] [Ni/Fe] [0/H] [0/Fe] [Mg/H] [Mg/Fe] 



Thin disk 



HD 1 1608 


0.26 


-0.13 


0.52 


± 


0.06 


0.13 


0.24 


-0.15 


0.36 


-0.03 


HD 26151 


0.24 


-0.09 


0.42 


± 


0.05 


0.09 






0.31 


-0.02 


HD 26794 


0.07 


-0.00 


0.10 


± 


0.03 


0.03 


0.25 


0.18 


0.15 


0.08 


HD 35854 


-0.00 


0.04 


-0.03 


± 


0.03 


0.01 


0.05 


0.09 


-0.07 


-0.03 


HD 77338 


0.44 


0.03 


0.52 


± 


0.04 


0.11 






0.33 


-0.08 


HD 82943 


0.18 


-0.05 


0.25 


± 


0.06 


0.02 


0.45 


0.22 


0.16 


-0.07 


HD 86249 


0.15 


0.03 


0.12 


± 


0.03 


0.00 






0.02 


-0.10 


HD 93800 


0.44 


-0.05 


0.64 


± 


0.04 


0.15 


-0.03 


-0.52 


0.46 


-0.03 


HD 177374 


0.32 


0.40 


-0.01 


± 


0.03 


0.07 






0.19 


0.27 


HD 181433 






0.56 


± 


0.04 


0.15 


0.42 


0.01 


0.44 


0.03 


HD 224230 


0.10 


0.18 


-0.05 


± 


0.03 


0.02 


-0.01 


0.07 


-0.06 


0.03 












Thick disk 










G 161-029 


0.04 


0.03 


0.10 


± 


0.09 


0.08 






0.10 


0.09 


BD-02 180 


0.35 


0.02 


0.41 


± 


0.04 


0.08 


0.60 


0.27 


0.30 


-0.03 


BD-05 5798 


0.28 


0.08 


0.19 


± 


0.04 


-0.01 






0.25 


0.05 


BD-17 6035 


0.31 


0.22 


0.12 


± 


0.04 


0.03 






0.26 


0.17 


CD-32 0327 






0.09 


± 


0.04 


0.11 






0.11 


0.19 


CD-40 15036 


-0.01 


0.02 


-0.02 


± 


0.07 


0.00 






-0.14 


-0.01 


HD 9424 


0.17 


0.05 


0.17 


± 


0.05 


0.05 


0.09 


-0.03 


0.10 


-0.02 


HD 10576 






-0.01 


± 


0.07 


-0.03 


0.25 


0.23 


0.00 


-0.02 


HD 13386 


0.25 


-0.11 


0.41 


± 


0.04 


0.05 


0.07 


-0.29 


0.30 


-0.16 


HD 15133 


0.25 


-0.21 


0.59 


± 


0.04 


0.13 


0.27 


-0.19 


0.37 


-0.09 


HD 15555 


-0.1 1 


-0.48 


0.51 


± 


0.04 


0.14 


0.35 


-0.02 


0.33 


-0.04 


HD 16905 


0.23 


-0.04 


0.38 


± 


0.04 


0.11 


0.28 


0.01 


0.26 


-0.01 


HD 25061 


0.13 


-0.05 


0.23 


± 


0.04 


0.05 






0.12 


-0.06 


HD 27894 


0.25 


-0.12 


0.43 


± 


0.04 


0.06 


0.32 


-0.05 


0.34 


-0.03 


HD 31827 


0.46 


-0.02 


0.59 


± 


0.05 


0.11 


0.02 


-0.46 


0.47 


-0.01 


HD 39213 






0.59 


± 


0.05 


0.14 






0.39 


-0.06 


HD 81767 


-0.01 


-0.23 


0.22 


± 


0.03 


0.00 


0.28 


0.06 


0.16 


-0.06 


HD 90054 


0.31 


0.02 


0.31 


± 


0.06 


0.02 


0.17 


-0.12 


0.22 


-0.07 


HD 94374 


0.25 


0.35 


-0.08 


± 


0.03 


0.02 






-0.04 


0.06 


HD 95338 


0.06 


-0.15 


0.25 


± 


0.04 


0.04 


0.06 


-0.15 


0.18 


-0.03 


HD 104212 


0.11 


-0.02 


0.13 


± 


0.07 


0.00 


0.35 


0.22 


0.07 


-0.06 


HD 107509 


-0.05 


-0.08 


0.00 


± 


0.07 


-0.02 


0.13 


0.10 


0.01 


0.05 


HD 120329 


0.39 


0.08 


0.33 


± 


0.06 


0.02 






0.29 


-0.02 


HD 143102 






0.17 


± 


0.06 


0.01 


0.17 


0.01 


0.10 


-0.06 


HD 148530 


0.06 


0.03 


0.04 


± 


0.05 


0.01 


0.32 


0.29 


0.07 


0.04 


HD 149256 






0.40 


± 


0.05 


0.06 


0.61 


0.27 


0.37 


0.03 


HD 149606 


0.24 


0.04 


0.22 


± 


0.04 


0.02 


0.40 


0.20 


0.17 


-0.03 


HD 149933 


0.21 


0.08 


0.23 


± 


0.05 


0.10 


0.10 


-0.03 


0.21 


0.05 


HD 165920 


0.34 


-0.02 


0.42 


± 


0.04 


0.06 


0.17 


-0.19 


0.29 


-0.07 


HD 168714 


0.35 


-0.13 


0.62 


± 


0.05 


0.14 






0.44 


-0.04 


HD 171999 


0.30 


0.01 


0.33 


± 


0.04 


0.04 


0.27 


-0.02 


0.24 


-0.05 


HD 179764 






-0.02 


± 


0.05 


0.03 


0.04 


0.09 


0.02 


0.07 


HD 180865 


0.20 


-0.01 


0.28 


± 


0.04 


0.07 


0.39 


0.18 


0.26 


0.05 


HD 181234 


0.30 


-0.15 


0.55 


± 


0.04 


0.10 


0.37 


-0.08 


0.44 


-0.01 


HD 196397 


0.37 


-0.01 


0.46 


± 


0.05 


0.08 






0.32 


-0.06 


HD 201237 


-0.19 


-0.19 


0.03 


± 


0.04 


0.03 


0.12 


0.12 


0.01 


0.01 


HD 209721 


0.35 


0.07 


0.36 


± 


0.05 


0.08 


0.17 


-0.11 


0.32 


0.04 


HD 21 1706 


0.09 


0.00 


0.11 


± 


0.08 


0.02 






0.02 


-0.07 


HD 218566 


0.21 


-0.07 


0.39 


± 


0.15 


0.11 


0.17 


-0.11 


0.12 


0.10 


HD 218750 


0.22 


0.05 


0.21 


± 


0.04 


0.04 






0.24 


0.07 


HD 221313 






0.41 


± 


0.04 


0.10 


0.52 


0.21 


0.33 


0.02 


HD 221974 


0.39 


-0.07 


0.59 


± 


0.04 


0.13 


0.40 


-0.06 


0.37 


-0.09 


HD 224383 


-0.03 


0.07 


-0.10 


± 


0.06 


-0.01 






-0.04 


0.06 








Intermediate population 










HD 8389 


0.46 


-0.12 


0.71 


± 


0.04 


0.22 


0.35 


-0.23 


0.45 


-0.13 


HD 9174 






0.51 


± 


0.06 


0.10 


0.55 


0.14 


0.33 


-0.08 


HD 12789 






0.34 


± 


0.06 


0.07 


0.44 


0.17 


0.14 


-0.13 


HD 30295 


0.33 


0.01 


0.37 


± 


0.04 


0.05 


0.34 


0.02 


0.33 


0.01 


HD 31452 






0.25 


± 


0.04 


0.02 






0. 15 


-0.08 


HD 37986 


0.34 


0.04 


0.35 


± 


0.04 


0.05 


0.22 


-0.08 


0.26 


-0.04 


HD 39715 






-0.10 


± 


0.03 


0.01 






-0.13 


-0.03 


HD 43848 


0.29 


-0.14 


0.53 


± 


0.04 


0.10 


0.36 


-0.07 


0.38 


-0.15 


HD 86065 


0.11 


0.02 


0.13 


± 


0.04 


0.04 


0.17 


0.08 


0.09 


-0.00 


HD 87007 


0.23 


-0.06 


0.39 


± 


0.04 


0.10 


0.14 


-0.15 


0.31 


0.02 


HD 91585 


0.28 


0.03 


0.34 


± 


0.04 


0.09 


0.44 


0.19 


0.33 


0.08 


HD 91669 


0.32 


-0.12 


0.54 


± 


0.04 


0.10 


0.31 


-0.13 


0.38 


-0.06 


HD 182572 


0.29 


-0.19 


0.52 


± 


0.04 


0.04 


0.44 


-0.04 


0.44 


-0.04 


HD 196794 


-0.02 


-0.08 


0.08 


± 


0.04 


0.02 


0.14 


0.08 


0.00 


-0.06 


HD 197921 


0.12 


-0.10 


0.30 


± 


0.04 


0.08 


0.27 


0.05 


0.29 


0.07 


HD 213996 


0.27 


-0.06 


0.39 


± 


0.04 


0.06 


0.22 


-0.11 


0.30 


-0.03 


HD 214463 


0.22 


-0.12 


0.43 


± 


0.03 


0.09 


0.27 


-0.07 


0.28 


-0.06 



M. Trevisan et al.: Metal Rich Stars in the Solar Neighbourhood 
Table 15: Final abundances 



Star [Ca/H] [Ca/Fe] [Si/H] [Si/Fe] [Ti/H] [Ti/Fe] 



Thin disk 



HD 11608 


0.33 ± 


0.10 


-0.06 


0.40 


± 


0.06 


0.01 


0.35 


± 


0.09 


-0.04 


HD 26151 


0.34 ± 


0.04 


0.01 


0.35 


± 


0.04 


0.02 


0.35 


± 


0.09 


0.02 


HD 26794 


0.11 ± 


0.09 


0.04 


0.11 


± 


0.05 


0.04 


0.15 


± 


0.11 


0.08 


HD 35854 


-0.05 ± 


0.11 


-0.01 


-0.04 


± 


0.05 


-0.00 


-0.10 


± 


0.08 


-0.06 


HD 77338 


0.34 ± 


0.06 


-0.07 


0.47 


± 


0.05 


0.06 


0.32 


± 


0.08 


-0.09 


HD 82943 


0.30 ± 


0.05 


0.07 


0.26 


± 


0.05 


0.03 


0.20 


± 


0.07 


-0.03 


HD 86249 


0.11 ± 


0.10 


-0.01 


0.10 


± 


0.05 


-0.02 


0.04 


± 


0.09 


-0.08 


HD 93800 


0.38 ± 


0.10 


-0.11 


0.51 


± 


0.05 


0.02 


0.42 


± 


0.08 


-0.07 


HD 177374 


0.04 ± 


0.14 


0.12 


0.13 


± 


0.05 


0.21 


-0.24 


± 


0.09 


-0.16 


HD 181433 


0.30 ± 


0.13 


-0.11 


0.52 


± 


0.05 


0.11 


0.37 


± 


0.08 


-0.04 


HD 224230 


-0.18 ± 


0.20 


-0.10 


-0.14 


± 


0.06 


-0.07 


-0.09 


± 


0.11 


-0.01 










Thick disk 












G 161-029 


0.00 ± 


0.12 


-0.01 


0.05 


± 


0.06 


0.04 


0.04 


± 


0.12 


0.02 


BD-02 180 


0.35 ± 


0.04 


0.02 


0.34 


± 


0.06 


0.01 


0.41 


± 


0.11 


0.08 


BD-05 5798 


0.16 ± 


0.15 


-0.04 


0.14 


± 


0.06 


-0.06 


0.19 


± 


0.13 


-0.01 


BD-17 6035 


0.06 ± 


0.18 


-0.03 


0.10 


± 


0.06 


0.01 


0.05 


± 


0.17 


-0.04 


CD-32 0327 


-0.02 ± 


0.19 


-0.01 


0.03 


± 


0.05 


0.04 


-0.01 


± 


0.15 


0.01 


CD-40 15036 


-0.02 ± 


0.11 


0.01 


-0.03 


± 


0.03 


0.00 


0.00 


± 


0.12 


0.03 


HD 9424 


0.12 ± 


0.10 


-0.00 


0.16 


± 


0.04 


0.04 


0.20 


± 


0.09 


0.08 


HD 10576 


-0.00 ± 


0.11 


-0.02 


0.03 


± 


0.05 


0.00 


0.04 


± 


0.10 


0.02 


HD 13386 


0.34 ± 


0.08 


-0.02 


0.32 


± 


0.05 


-0.04 


0.35 


± 


0.09 


-0.01 


HD 15133 


0.48 ± 


0.10 


0.02 


0.44 


± 


0.05 


-0.02 


0.51 


± 


0.09 


0.05 


HD 15555 


0.17 ± 


0.08 


-0.20 


0.45 


± 


0.05 


0.08 


0.27 


± 


0.09 


-0.10 


HD 16905 


0.24 ± 


0.08 


-0.03 


0.36 


± 


0.05 


0.09 


0.25 


± 


0.09 


-0.02 


HD 25061 


0.20 ± 


0.09 


0.02 


0.17 


± 


0.04 


-0.01 


0.18 


± 


0.09 


-0.00 


HD 27894 


0.32 ± 


0.10 


-0.05 


0.41 


± 


0.05 


0.04 


0.40 


± 


0.10 


0.03 


HD 31827 


0.45 ± 


0.05 


-0.03 


0.55 


± 


0.04 


0.07 


0.41 


± 


0.09 


-0.07 


HD 39213 


0.45 ± 


0.05 


-0.00 


0.48 


± 


0.04 


0.03 


0.50 


± 


0.08 


0.05 


HD 81767 


0.21 ± 


0.09 


-0.01 


0.21 


± 


0.05 


-0.01 


0.18 


± 


0.11 


-0.04 


HD 90054 


0.24 ± 


0.15 


-0.05 


0.26 


± 


0.05 


-0.03 


0.22 


± 


0.08 


-0.07 


HD 94374 


0.18 ± 


0.09 


0.28 


-0.23 


± 


0.04 


-0.13 


0.18 


± 


0.08 


0.28 


HD 95338 


0.14 ± 


0.05 


-0.07 


0.19 


± 


0.04 


-0.02 


0.17 


± 


0.09 


-0.04 


HD 104212 


0.13 ± 


0.07 


0.00 


0.14 


± 


0.04 


0.01 


0.14 


± 


0.08 


0.01 


HD 107509 


-0.03 ± 


0.23 


-0.06 


0.03 


± 


0.05 


-0.00 


0.02 


± 


0.08 


-0.00 


HD 120329 


0.26 ± 


0.06 


-0.05 


0.34 


± 


0.04 


0.03 


0.29 


± 


0.09 


-0.02 


HD 143102 


0.09 ± 


0.06 


-0.07 


0.20 


± 


0.04 


0.04 


0.13 


± 


0.08 


-0.03 


HD 148530 


0.04 ± 


0.11 


0.01 


0.06 


± 


0.04 


0.03 


0.04 


± 


0.10 


0.01 


HD 149256 


0.24 ± 


0.08 


-0.10 


0.40 


± 


0.05 


0.06 


0.34 


± 


0.09 


0.00 


HD 149606 


0.12 ± 


0.14 


-0.08 


0.16 


± 


0.05 


-0.04 


0.13 


± 


0.10 


-0.07 


HD 149933 


0.11 ± 


0.12 


-0.02 


0.19 


± 


0.04 


0.06 


0.13 


± 


0.09 


-0.00 


HD 165920 


0.33 ± 


0.06 


-0.03 


0.40 


± 


0.04 


0.04 


0.30 


± 


0.08 


-0.06 


HD 168714 


0.46 ± 


0.12 


-0.02 


0.41 


± 


0.04 


-0.07 


0.37 


± 


0.09 


-0.11 


HD 171999 


0.23 ± 


0.10 


-0.06 


0.32 


± 


0.04 


0.03 


0.20 


± 


0.09 


-0.09 


HD 179764 


-0.04 ± 


0.06 


0.01 


0.08 


± 


0.04 


0.13 


-0.10 


± 


0.09 


-0.05 


HD 180865 


0.21 ± 


0.07 


-0.00 


0.24 


± 


0.04 


0.03 


0.28 


± 


0.10 


0.07 


HD 181234 


0.48 ± 


0.10 


0.03 


0.52 


± 


0.04 


0.07 


0.49 


± 


0.08 


0.04 


HD 196397 


0.33 ± 


0.09 


-0.05 


0.41 


± 


0.05 


0.03 


0.36 


± 


0.10 


-0.02 


HD 201237 


0.10 ± 


0.17 


0.10 


0.05 


± 


0.07 


0.05 


0.07 


± 


0.17 


0.07 


HD 209721 


0.25 ± 


0.12 


-0.03 


0.29 


± 


0.04 


0.01 


0.26 


± 


0.09 


-0.02 


HD 21 1706 


0.09 ± 


0.15 


-0.00 


0.09 


± 


0.05 


-0.00 


0.10 


± 


0.10 


0.01 


HD 218566 


0.26 ± 


0.09 


-0.02 


0.34 


± 


0.08 


0.06 


0.24 


± 


0.15 


-0.04 


HD 218750 


0.14 ± 


0.12 


-0.03 


0.23 


± 


0.05 


0.06 


0.17 


± 


0.09 


-0.00 


HD 221313 


0.34 ± 


0.13 


0.03 


0.31 


± 


0.05 


0.00 


0.35 


± 


0.11 


0.04 


HD 221974 


0.40 ± 


0.09 


-0.06 


0.47 


± 


0.05 


0.01 


0.48 


± 


0.10 


0.02 


HD 224383 


-0.10 ± 


0.13 


0.00 


-0.14 


± 


0.04 


-0.05 


-0.02 


± 


0.08 


0.07 








Intermediate population 












HD 8389 


0.54 ± 


0.10 


-0.04 


0.60 


± 


0.05 


0.02 


0.57 


± 


0.08 


-0.01 


HD9174 


0.36 ± 


0.09 


-0.05 


0.50 


± 


0.05 


0.09 


0.38 


± 


0.10 


-0.03 


HD 12789 


0.28 ± 


0.05 


0.01 


0.31 


± 


0.05 


0.04 


0.27 


± 


0.08 


0.00 


HD 30295 


0.33 ± 


0.07 


0.01 


0.32 


± 


0.04 


0.00 


0.30 


± 


0.09 


-0.02 


HD 31452 


0.19 ± 


0.08 


-0.04 


0.23 


± 


0.04 


0.00 


0.19 


± 


0.09 


-0.04 


HD 37986 


0.25 ± 


0.04 


-0.05 


0.36 


± 


0.04 


0.06 


0.27 


± 


0.08 


-0.03 


HD 39715 


-0.09 ± 


0.11 


0.01 


-0.13 


± 


0.06 


-0.03 


-0.14 


± 


0.13 


-0.04 


HD 43848 


0.35 ± 


0.08 


-0.08 


0.40 


± 


0.05 


-0.03 


0.37 


± 


0.08 


-0.06 


HD 86065 


0.03 ± 


0.09 


-0.06 


0.11 


± 


0.05 


0.02 


0.02 


± 


0.10 


-0.08 


HD 87007 


0.24 ± 


0.09 


-0.05 


0.38 


± 


0.05 


0.09 


0.23 


± 


0.12 


-0.06 


HD 91585 


0.23 ± 


0.10 


-0.02 


0.29 


± 


0.05 


0.04 


0.27 


± 


0.10 


0.02 


HD 91669 


0.41 ± 


0.09 


-0.03 


0.48 


± 


0.05 


0.04 


0.38 


± 


0.12 


-0.06 


HD 182572 


0.50 ± 


0.05 


0.02 


0.46 


± 


0.04 


-0.02 


0.50 


± 


0.06 


0.02 


HD 196794 


0.10 ± 


0.07 


0.04 


0.04 


± 


0.04 


-0.03 


0.08 


± 


0.10 


0.01 


HD 197921 


0.22 ± 


0.11 


0.00 


0.24 


± 


0.05 


0.02 


0.24 


± 


0.10 


0.02 


HD 213996 


0.34 ± 


0.07 


0.01 


0.35 


± 


0.05 


0.02 


0.35 


± 


0.10 


0.02 


HD 214463 


0.38 ± 


0.11 


0.04 


0.32 


± 


0.05 


-0.02 


0.32 


± 


0.10 


-0.02 
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Appendix A: Online tables 



Table A.l: Log of spectroscopic observations. 



star 


Q'J2000 




date 


UT 


exp 


Airmass 


(S/N) 




[h m s] 


[d m s] 






[s] 






G 161-029 


09:25:41.84 


-06:46:05.80 


2001 Jan 15 


04:33:58 


4500 


1.15 


57 


BD-02 180 


01:21:20.93 


-01:43:45.62 


2001 Jan 15 


00:35:33 


3600 


1.54 


64 


BD-05 5798 


22:20:19.62 


-04:50:06.72 


1999 Sep 27 


04:54:58 


2800 


1.37 


62 


BD-17 6035 


20:53:53.32 


-16:45:54.98 


1999 Sep 24 


02:28:19 


3600 


1.14 


65 


CD-32 0327 


00:15:14.75 


-31:19:57.97 


1999 Sep 26 


06:50:42 


3600 


1.61 


90 



Table A.2: Data from the PASTEL catalogue. 



Star 


T^ff 




logs 


[Fe/H] 


Reference 


HD 8389 


5283 ± 


64 


4.37 ± 0.12 


0.34 ± 0.05 


Sousa et al. (2008) 




5378 ± 


84 


4.50 ± 0.12 


0.47 ± 0.08 


Sousa et al. (2006) 


HD 9424 


5420 ± 


43 






_Masana et al. (2006) 


HD 10576 


5882 ± 


56 






jVlasana et al. (2006) 


HD 13386 


5226 ± 


56 


4.28 ± 0.09 


0.26 ± 0.06 


" Sousa et al. (2006) 




5361 ± 


43 






Masana et al. (2006) 


HD 15555 


4820 ± 


43 






Gonzalez Hernandez & Bonifacio (2009) 




4855 ± 


53 






Ramirez & Melendez (2005) 




4855 ± 


67 






Alonso etal. (1999) 



Table A. 3: Si, Ca, and Ti line list 



Species 


A 


Xe.xc 






^og gf 


log.?,/' 


logg,/ 




(A) 


(eV) 


(Sun) 


(BFL04) 


(NIST) 


(VALD) 


(BZO+09) 


Si I 


5665.56 


4.92 


-2.01 


-1.94 


-2.04 


-1.75 




Si I 


5684.48 


4.95 


-1.63 


-1.55 


-1.42 


-1.73 




Si I 


5690.43 


4.93 


-1.81 


-1.77 


-1.87 


-1.77 




Si I 


5701.10 


4.93 


-2.00 


-1.95 


-2.05 


-1.58 




Si I 


5708.40 


4.95 


-1.40 




-1.47 


-1.03 





Notes. BFL04: lBensbv et al.l ( [2004h : BZO+09: lBarbuv et all ( 120091) . 



Table A.4: Fe I and Fe II line list 



Ion 


^(A) 


X« (eV) 


C6 


logg/ 


logg/ 


logg/ 


logg/ 










(Sun) 


(VALD) 


(FW06) 


(MAGY09) 


Fel 


5522.45 


4.21 


3.0200e-31 


-1.49 


-1.55 


-1.52 




Fel 


5546.51 


4.37 


3.9100e-31 


-1.18 


-1.31 


-1.28 




Fel 


5560.21 


4.43 


4.7900e-31 


-1.14 


-1.19 


-1.16 




Fel 


5577.02 


5.03 


l.OOOOe-32 


-1.61 


-1.55 






Fel 


5618.63 


4.21 


2.9000e-31 


-1.39 


-1.28 


-1.28 





Notes. FW06: iFuhTfe Wiesd ( |2006|) : MAGY09: lMelendez et al.l l [2009l) : MB09: lMei6"ndez & Barbuvl ( |2009|) . 
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